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Summary of both an internal and aeropropulsive performance
data base documenting the effects of nozzle internal
An investigation has been conducted in the Lang- and external geometry changes so that efficient noz-
ley 16-Foot Transonic Tunnel to determine the el- _les can be selected.
fects of varying six nozzle geometric parameters on
the internal and aeropropulsive performance char- One of the nonaxisymmetric nozzle types is the
acteristics of single-expansion-ramp nozzles. The single-expansion-ramp nozzle (SERN). The SERN is
single-expansion-ramp nozzle is a nonaxisymmetric, a configuration originally developed with a hood-type
variable-area, internal/external expansion exhaust jet deflector stowed in the expansion .ramp which
nozzle. The six nozzle geometric parameters that would be deployed to provide high vector angles (up
were varied included the nozzle upper ramp length to ll0 °) for vertical takeoff and landing operations
and chordal angle, the nozzle lower flap length and (refs. 1 and 2). Most experimental investigations con-
chordal angle and the axial and vertical locations ..............ductcd on the SERN have concentrated on the un-
of the nozzle throat. Both convergent-divergent and installed and installed performance of a specific noz-
convergent nozzle configurations were tested. Some zle design at various nozzle power settings during
limited tests were made to study the effects of vary- cruise and vectored-thrust operating modes. (Scc
ing the curvature of the upper ramp internal and ex- refs. 3 to 6.) Although studies of the effects of
ternal surfaces and the lower flap external surface of systematic changes in nozzle geometry on internal
one of the nozzles. This investigation was conducted
at Mach numbers from 0.60 to 1.20, nozzle pressure
ratios from 1.5 to 12, and angles of attack of 0 °
and +6 °.
Maximum aeropropulsive performance at a par-
performance have been conducted (refs. 7 to 11),
no similar investigations of aeropropulsive perfor-
mance have been undertaken. This paper summa-
rizes the aeropropulsive performance characteristics
of SERN configurations having various combinations
of six parameters that affect the internal and ex-
ticular Mach number was highly dependent on the ........ ternal geometry of the nozzle. These parameters
operating nozzle pressure ratio. For example, ms the = include the nozzle upper ramp length and chordal
nozzle upper ramp length or angle increased, some angle, the nozzle lower flap length and chordal an-
nozzles had higher performance at a Mach number
of 0.90 because the nozzle design pressure was the ........gle, and the axial and vertical locations of the noz-
same as the operating pressure ratio. Thus, selection zle throat. Both convergent-divergent and conver-
gent nozzles were tested. This investigation was
of the various nozzle geometric parameters should be conducted in the Langley, 16-Foot Transonic Tun-
based on the mission requirements of the aircraft, nel at Mach numbers from 0.60 to 1.20, nozzle prcs-
A combination of large upper ramp and large lower sure ratios from 1.5 to 12, and angles of attack of 0°
flap boattail angles produced greater nozzle drag co- and :t:6 °.
efficients at Mach numbers greater than 0.80, pri-
marily from shock-induced separation on the lower Symbols
flap of the nozzle. At. static conditions, the conver-
gent nozzle had high and nearly constant values of All model forces and moments are referred to the
resultant thrust ratio over the entire range of noz- stability axis system with the model moment refer-
zle pressure ratios tested. IIowever, these nozzles ence center located at model station 29.39. A discus-
had much lower aeropropulsive performance than the sion of the data reduction procedure, definitions of
.convergent-divergent nozzle at Mach numbers great.m" the aerodynamic force and moment terms, and the
than 0.60. propulsion relationships used herein are presented
in references 12 and 13. The symbols used in the
Introduction computer-generated tables are given in parentheses.
Many studies have been made of the integration A,:
of nonaxisymmetric nozzles into fighter aircraft con- Ai
figurations. Nonaxisymmetric nozzle designs are gen,
erally more amenable to the incorporation of thrust
vectoring to provide forces and moments for ad- A,,_
ditional capabilities in aircraft maneuver and con-
trol. A prerequisite for the evolution of practical
nozzles for production aircraft, is the establishment At
nozzle exit area, in 2
internal area at metric
break, in 2
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coefficient, CL,n = CL at







pitching moment, Cm,n -=
Cm at NPR = 1 (jet off)
jet. pitching-moment coef-
ficient, Jet t)itehin_ moment
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lower flap pressure
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total force measured by
force balance, lbf
momentum tare axial








CF? + F2N, lbf
gravitational constant
(19 _ 32.174 ft/sec 2)
nominal nozzle throat
height, 1.24 in.
total length of upper
ramp, in.
axial length of lower flap
(see fig. 2), in.
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ambient pressure, psi
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axial distance of nozzle
throat from nozzle Sta.
connect station (see
fig. 2(a)), in.
axial coordinate of nozzle
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lower flap chordal angle
(see fig. 2), deg
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angle of attack, deg
lower flap chordal boat-
tail angle (see fig. 2), deg
upper ramp chordal
boattail angle (see fig. 2),
(leg
ratio of specific heats
(1.3997 for air)
variable-area, internal/external
expansion exhaust system. Basic SERN nozzle com-
ponents consist of (1) a two-dimensional upper ramp
in which a portion of the flap surface downstream
of tim throat serves as an external expansion ramp,
and (2) a relatively short two-dimensional lower flap.
In some SERN designs, nozzle power setting (throat
area) can be changed by varying the geometry of tile
convergent-divergent upper ramp assembly (refs. 1,
2, and 6). Nozzle expansion ratio can be varied by
rotation of the lower flap. In other designs the up-
per ramp is either fixed or has only a variable ge-
ometry downstream of the nozzle throat. The lower
flap may also be fixed, but generally it is variable
to provide both power setting and expansion ratio
control (refs. 3 to 5). Most SERN designs also pro-
vide for thrust vectoring capability through rotation
of the entire external ramp surface in conjunction
with rotation of the lower flap (refs. 2, 6, and 10).
The SERN configurations of the present investigation
represented nominally unvectored dry-power (cruise)
nozzles.
A sketch of a typical nozzle configuration is pre-
sented in figure 1. Six geometric parameters were
chosen to define a nozzle because these parameters
werethoughtto havetile largesteffecton both in-
ternalandexternalnozzleperformance.Thenozzle





and chordal angle Or, and lower flap length l I and
chordal angle 0i-. The geometric parameters that
affect nozzle external performance are the axial lo-
cation xt and the vertical location Yt of the nozzle
throat. Of special note is that varying the ramp and
flap geometric parameters can also affect nozzle ex-
ternal performance because variation of these param-
eters can change the respective nozzle boattail angles.
The upper ramp and lower flap external surfaces were
defined by cubic curves from the nozzle connect sta-
tion to the nozzle trailing edge. Tile ramp inner flow
path from the nozzle connect station to just past the
throat is defined by a series of straight lines and cir-
cular arcs. From just past the throat to the trailing
edge, the ramp inner flow path is defined by a cubic:
curve. The flap inner flow path is defined by a series
of straight lines and circular arcs. Coordinates for all
ttle nozzles tested are presented in table 2.
All the nozzles had full sidewalls, and a typical
sidewall is shown in figure l(b). Each of the nozzles
had a pair of sidewalls in which the upper contour
matched the contour of the upper ramp. Likewise,
the lower contour of each of tile sidewalls matched
the lower flap contour. All the sidewalls had the
same boattail geometry along tile plane of the nozzle
centerline as illustrated in figure l(b).
For nozzles 1 to 13, the six geometric: parame-
ters were varied one at a time, whereas for nozzles 14
to 29, these parameters were varied two at. a time.
These parameters were varied in a controlled man-
ner as described in reference 14 so that empirical
relations for the prediction of internal and external
performance could be established for nozzles having
a large number of geometric parameters. Nozzles 30
to 32 were defined by varying the curvature of either
the upper ramp internal and external surfaces or the
flap external surface relative to that of nozzle 1. Noz-
zles 33 to 37 were convergent SEIIN nozzles; that is,




A skc.tch is presented in figure 2 of the single-
engine air-powered sinmlat.ion systeIn with a typical
nozzle configuration installed. Tile model was corn-
posed of three major sections: a nose-forebody sec-
tion, a centerbody section, and the nozzle. The nose-
forebody section up to station 26.50 was noI_metric;
that is, it was not attached to the strain gauge bal-
ance. Geometric details of this nose-forebody section
can be found in reference 15. The centerbody section
was made up of the low-pressure plenum, instrumen-
tation section, and transition section (ref. 15). The
centerbody section from stations 26.50 to 55.05 was
essentially rectangular in cross section and had a con-
stant width and height of 6.80 in. and 6.20 in., respec-
tively. All sections downstream of station 26.50 were
metric and mounted on the force balance. A flexible
DuPont Teflon strip inserted into a eircumferentially
machined groove between the nose-forebody section
and low-pressure plelmm impeded flow into or out of
the internal cavity.
An external high-pressure air system provided
a continuous flow of clean, dry air at a controlled
temperature of about 540°R at the nozzles. This
high-pressure air was brought through the support
strut by" six tubes that connect to a high-pressure
plenum chamber. As shown in figure 3, the air was
then discharged perpendicularly into the model low-
pressure plenum through tight multiholed sonic noz-
zles equally spaced around the high-pressure plenum.
This method was designed to minimize any forces
imposed by the transfer of axial momentum as the
air passed from the nonmetric high-pressure plenum
to the metric (mounted on the force balance) low-
pressure plenum. Two flexible metal bellows were
used as seals and served to compensate for axial
forces caused by pressurization.
Ttle air was then passed from the model low-
pressure plenum through a choke plate, an instru-
mentation section, and a transition section which
provided a smooth flow path fi)r the airflow from the
round low-pressure plenum to the rectangular noz-
zle entrance. All nozzle configurations were attached
to the transition section at model station 55.05 and
were tested in an inverted position (ramp on bottom).
A photograph showing a typical SERN (nozzle 29)
installed on the single-engine propulsion simulation
system is shown in figure 4.
Instrumentation
A six-component strain gauge balance was used
to measure forces and moments on the model down-
stream of station 26.50. Flow conditions in the nozzle
were determined from 10 total pressure probes and
1 total temperature probe located at station 45.65 in
the instrumentation section aft of tile choke plate.
Nozzle total pressure and temperature arc deter-
mined from the average of these measurements. The
weightflowof the high-pressureair suppliedto the NozzledischargecoefficientWp/W i is the ratio of
exhaust nozzle was measured by a critical-flow ven: measured weight flow to ideal weight flow, where
turi (ref. 16). Eight internal static pressures, mea-
sured at the metric break, were used to account for
pressure forces at this location. All the pressures
noted above were measured with individual pressure
transducers.
Static pressures were measured on the external
ideal weight flow is based on jet total pressure Pt,j, jet
total temperature Tt,j, and measured nozzle throat
area. Nozzle discharge coefficient is then a measure
of the ability of the nozzle to pass mass flow and is
reduced by boundary-layer thickness and nonuniform
flow in the throat. Using the measured weight flow,
ideal thrust of the nozzle can be computed from the
surface of six of the nozzles. Tile orifce locations for
equation
each of these nozzles are given in table 3. The exter-
nal orifices were arranged in three rows along the top
of tile upper ramp and in two rows on the bottom of
the lower flap. These pressures were measured with
electronically scanning pressure devices.
Data Reduction
All data were recorded simultaneously on mag-
netic tape. Approximately 50 frames of data, taken
at a rate of 10 frames per second, were taken for =
each data point; average values were used in data
Fi=Wp _( 2-_1 ) 1- \-N-_ ] j
At wind-on conditions, thrust minus axial force
was obtained from the equation
Yj - FA = FA,bal + (Pi -- poc)Ai - FA,II,O., -]- DI
reduction computations. The average value of jet to- where tile first term FA,ba I includes all pressure anti
tal pressure was also used in all computations. All viscous forces (internal and external on the after-
aerodynamic coefficients were referenced to a model ..... body, nozzle, and thrust system). Tlle second term
maximum cross-sectional area of 40.635 in 2. accounts for the interior pressure forces acting at the
metric break. The third term fA,mo m is the me-
The balance force measurements from which mcntum tare force previously discussed. The last
thrust is subsequently obtained are initially corrected term Df is the friction drag of the centerbody sec-
for model weight tares and balance interactions. AI- tion from stations 26.50 to 55.05. Note that this term
though the bellows arrangement was designed to is included in the thrust-minus-drag term F - D.
eliminate pressure and momentum effects on the bal-
ance readings, small bellows tares on all balance The adjusted forces and moments measured by
components still exist. These tares result from a the force balance are transferred from the body axis
small pressure difference between the ends of the bel- of the metric portion of the model to the stability
lows when internal velocities are high and also from axis. The attitude of the nonmetric forebody rel-
small differences in the spring constants of the for- ative to gravity was determined from a calibrated
ward and aft bellows when the bellows are pressur-
ized. As discussed in reference 12, these bellows tares
were determined by testing, calibration nozzles with
a known performance over a range of nozzle pres-
sure ratios with normal-force and pitching-moment
loadings simulating tile ranges expected for the test
attitude indicator located in tile model nose. The
angle of attack a, which is the angle between the cen-
terbody/nozzle centerline and the relative wind, was
determined by applying terms for centerbody deflec-
tion (caused when the model and balance bend under
aerodynamic load) and a tunnel flow angularity term
nozzles. The balance data were then corrected in to the angle measured by the attitude indicator. The
a manner similar to that discussed in references 12 flow angularity correction was 0.1 °, which is the aver-
and 13. age angle measured in the Langley 16-Foot Transonic
Tunnel.
At static conditions, the resultant gross
thrust Fr used in the resultant thrust ratio Fr/Fi The thrust-removed (nozzle) aerodynamic forces
was then determined from the individual corrected and moments were obtained by determining the
forces Fj and FS,. Expansion of the flow over the sur- components of thrust in axial force, normal force,
face of the upper ramp produces a resultant thrust and pitching moment and then subtracting these
force that is not aligned with the horizontal centerline values from the measured total (aerodynamic plus
and, hence, significant differences between Fr/Fi and thrust) forces and moments. These thrust eompo-
Fj/Fi can occur. Resultant thrust vector angle _p i_ _ nents at forward speeds were determined from mea-
presented for evahmtion of the exhaust-flow turning sured static data and were a function of the free-
capabilities of the various nozzles tested, stream static and dynamic pressures.
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Wind Tunnel and Tests
TileLangley 16-Foot Transonic Tunnel is a single-
return atmospheric wind tunnel with a slotted octag-
onal test section and continuous air exchange. The
wind tunnel has variable airspeeds up to a Mach
number of 1.30, with test section plenum suction be-
ing used for speeds above a Mach number of 1.05.
A complete description of this facility and operating
characteristics can be found in reference 12.
This investigation was conducted at Mach num-
bers from 0.60 to 1.20 at nozzle pressure ratios from
1.5 to 12 depending on Mach number. All noz-
zle configurations were tested at an angle of attack
of 0°, and selected configurations were also tested
at angles of attack of -6 ° and 6° . External pres-
sures were measured on six of the nozzles in separate
tests. The Reynolds number per foot varied from
3.2 z 106 to 4.0 x 106. All tests were conducted with a
0.10-in-wide boundary-layer trip consisting of a strip
of No. 120 silicon carbide grit sparsely distributed in
a thin film of lacquer located 1.00 in. from the tip of
the forcbody nose.
Presentation of Results
The results of this investigation arc presented in both tabular and plotted form. Internal and aeropropulsive
characteristics are presented for nozzles 1 to 37 in tables 4 to 40, respectively. Skin-friction drag coefficients
for each of the nozzles are given in table 41. Basic and summary data are presented ms follows:
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Discussion of Results
The exhaust-flow expansion process for single-
expansion-ramp nozzles occurs both internally and
externally. That is, internal expansion of the flow
occurs from the nozzle throat up to the end of the
lower flap where it is contained by the internal sur-
faces of the nozzle and is controlled by the internal
expansion ratio (Ae/At)i. External expansion, which
occurs downstream of the lower flap trailing edge, is
bounded by the expansion ramp and the frec (ambi-
ent/exhaust) boundary and is controlled by the ex-
ternal expansion ratio (Ae/At)e. Thus, thrust per-
formance is influenced by internal and external ex-
pansion ratios that tend to cause two performance
peaks. Because these nozzles have external expan-
sion surfaces that can be affected by external flow,
aeropropulsive performance depends on Mach num-
ber, nozzle pressure ratio_ and angle of attack. In ad-
dition, expansion of the flow over the surface of the
external ramp produces a resultant thrust force that
is not aligned with the horizontal centerlinc of the
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nozzleandvarieswith nozzlepressureratio. There-
fore, whena single-expansion-rampnozzleis inte-






metric parameters.At static conditions,resultant
grossthrustratio Fr/Fi, thrust-vector angle @, and
nozzle discharge coefficient wp/wi are presented as
a function of nozzle pressure ratio. Resultant gross
thrust Fr is equal to axial thrust Fj along the body
axis when 6p = 0°. Significant differences occur be-
tween Fr and Fi when the jet exhaust is turned from
the axial direction, and the magnitudes of these dif-
ferences are a function of 6p. Comparisons of data for
nozzles with varial)lc nozzle geometric parameters at
wind-on conditions are made in terms of the usual
aeropropulsive performance parameter (F- Du)/Fi
(used for axisymmetric nozzles) and nozzle drag co-
efficient CD,n. Results are presented as a function
of nozzle pressure ratio at each of the Mach num-
bers tested and arc also summarized as a function
of Mach number at a typical operating nozzle pres-
sure ratio for each of the Mach numbers tested. This
schedule of typical operating pressure ratios is given
in table 42. Although discussion of the results at
this schedule of NPR and Mach number would gen-
erally be applicable for other schedules, the relative
difference between comparisons may vary.
Nozzle drag coefficient C D n is presented for each
nozzle comparison at jet off INPR = 1) and at the
same jet-on conditions as the aeropropulsive per-
formance. At power-on conditions, nozzle drag co-
efficients were obtained by subtracting the static
thrust components from the thrust-minus-drag mea-
surement. Because of this procedure, any effects of
the external flow on the internal performance of the
nozzles are reflected as a change in nozzle drag.
Variations in SERN nozzle geometry generally
result in changes in nozzle internal and/or external
expansion ratio, thereby shifting the pressure ratios
for optimum performance (design condition). When
such geometric variations are made, performance
changes are expected, but they cannot always be
described as being beneficial or detrimental since
the nozzles cannot be compared on equal terms at
a given pressure ratio. In addition, changes to the
nozzle geometry also resulted in variations to both
the upper ramp and lower flap boattail angles. These
variations will affect external drag characteristics.
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Variation of Six Nozzle Geometric
Parameters
Effect of upper vamp length. The effects of
varying upper ramp length on nozzle internal and
acropropulsive performance are presented in figure 5.
At static conditions (fig. 5(a)), these nozzles have
nearly the same resultant thrust ratios at nozzle pres-
sure ratios from 2 to about 4 because they have
nearly the same internal expansion ratio. An NPR
of 4 is slightly above the nozzle pressure ratio for
optimum internal expansion (table 1). At pressure
ratios above 4, peak nozzle resultant thrust is de-
pendent on the nozzle pressure ratio for optimum
external expansion. Figure 5(a) indicates that al-
though nozzle 2 has probably reached its peak re-
sultant thrust between an NPR of 4.5 and 5, noz-
zle 1 would reach its peak performance at an NPR
somewhat greater than 7. Based on external expan-
sion ratio, nozzle 3 would have its peak performance
between nozzle pressure ratios of 10 and 12. As ob-
served previously for SERN nozzles (refs. 8 to 10), the
resultant thrust ratio levels remain near peak levels
over a much wider range of nozzle pressure ratio than
would bc expected for a typical convergent-divergent
nozzle. This performance characteristic, which re-
sults from the two separate-flow expansion processes
(internal and external), can be a significant advan-
tage for SERN nozzles because less (or no) expansion-
ratio control may be required (particularly for an
all-subsonic-mission aircraft) and reductions in
exhaust-system weight and complexity can bc
achieved.
The nonlinear variation of resultant thrust-vector
angle _p with nozzle pressure ratio is characteris-
tic of SERN nozzles and is caused by the changing
compression-expansion wave patterns impinging on
the ramp as NPR is varied. An axial-force (body
axis) performance penalty would bc associated with
any value of resultant thrust-vector angle that is
nonzero because the resultant thrust is being turned
away from the axial direction. Since the ramp has
a large, unopposed, normal projected area, values of
normal force can change significantly with varying
nozzle pressure ratio. Typical values of jet normal-
force coefficient at static conditions and of total lift
coefficient at wind-on conditions are included in the
data tables for each of the nozzles tested. In addi-
tion, the resulting pitching-moment coefficients, also
presented in the tables, would have to be considered
in trimming an aircraft configuration that employed
SERN nozzles.
Characteristics of nozzle discharge coefficient are
also presented in figure 5(a). Nozzle discharge co-
efficient Wp/Wi is a measure of the ability of the
nozzleto passmassflow,andthis ability is reduced
by boundary-layerthicknessandnonuniformflowin
thenozzlethroat. Changesin nozzlegeometrythat




levelsof Wp/W i that are typical for this class of noz-
zles. As will be shown subsequently, the discharge
coefficients of the other nozzles experienced little or
no effect from varying the geometric parameters used
to define the nozzles of this investigation. In addi-
tion, the external flow had essentially no effect on the
discharge coefficient. (See the data tables.)
The variation of the aeropropulsive parameter
(F - Dn)/Fi and nozzle drag coefficient CD, n is als(_
presented in figure 5 for Mach numbers from 0.60
to 1.20. As expected because of increased drag, the
aeropropulsive performance for the three nozzles de-
At M = 0.95 and 1.20, which have scheduled noz-
zle pressure ratios of 7 and 8, respectively, nozzle 1
with an intermediate external expansion ratio had
the highest aeropropulsive performance. This higher
performance can be attributed to the fact that noz-
zle 1 is operating closer to design at these pressure
ratios than either nozzles 2 or 3. At Mach numbers
higher than those tested, which would also have a
higher scheduled NPR, nozzle 3 (with the largest ex-
ternal expansion ratio) is expected to have the high-
est aeropropulsive performance because it operates
closer to design than either nozzles 1 or 2. Except
for M = 0.60, the aeropropulsive performance rank-
ing of nozzles l, 2, and 3 followed that expected from
static (internal) thrust trends with varying expansion
ratio. At -hi = 1.20, nozzle 1 also had the same per-
formance as nozzle 3 at NPR = 10 and slightly less
performance at NPR = 12 (fig. 5(j)). At NPR = 12,
nozzle 3 is slightly underexpanded and is at an NPR
slightly above that for optimum internal performance
creased with increasing Mach number. In general, ((NPRe)des = 11.4). This result suggests that less
the variation of nozzle drag coefficient with nozzle
pressure ratio NPR for a particular nozzle is similar
to that of axisymmetric nozzles, particularly at an
angle of attack of 0°. Nozzle drag decreases with ini-
tial jet operation because a reduction occurs in the
external flow expansion required at the nozzle exit
as the exhaust flow fills the nozzle base region. This
reduced expansion generally results in higher pres-
sures on the nozzle boattail regions. This increase in
nozzle boattail pressures is shown in figure 51 where
external pressure distributions are given for nozzle 1.
As nozzle pressure ratio is further increased, nozzle
drag increases with a subsequent decrease in nozzle
drag coefficient for additional increases in NPR. This
variation in drag coefficient with increasing NPR is
probably caused by exhaust-flow entrainment effects
on the external nozzle flow at NPR = 2.5 to 4 and
by a compression at the nozzle exit that is created
by the increased thickness of the exhaust-flow plume
at NPR > 4. These trends in nozzle drag coefficient
that occur with increasing nozzle pressure ratio are
typical for jet-powered models.
The effects of varying upper ramp length on the
aeropropulsive parameter (F- Dn)/Fi and nozzle
drag coefficient CD, n arc summarized in figures 6
and 7, respectively. Data are shown for a = 0 ° at the
Mach number and NPR schedule given in table 42.
The relative ranking of the three nozzles at M = 0.60
and 0.90 is essentially the same as that shown at
static conditions (fig. 5(a)). The lower performance
of nozzle 2 at _I = 0.60 and of nozzle 1 at _hi = 0.90
may be due in part to the more negative resultant
thrust-vector angle of nozzle 2 at NPR = 3 and of
nozzle 1 at NPR = 5.
expansion ratio control may be required for SERN
nozzles since little performance gain was achieved by
increasing the external expansion ratio from 1.69 for
nozzle 1 to 2.08 for nozzle 3 (for the Mach number
range of the current investigation).
The aeropropulsive performance level of nozzle 2
at M = 1.20 is significantly lower than that of either
nozzles 1 or 3 (fig. 6). This lower performance for
nozzle 2 results from a much higher drag coefficient
at this Mach number (fig. 7). Since this configura-
tion had the steepest upper ramp boattail angle, it
probably _had higher boattail pressure drag. In ad-
dition, nozzle wave drag could be higher than that
of the other two nozzles because of its lower fineness
ratio.
At Mach numbers from 0.60 to 0.90, increasing
the upper ramp length increased the jet-off nozzle
drag coefficient (fig. 7). Part of this increase (less
than 20 percent) is due to differences in the skin-
friction drag coefficient. (See table 41.) Fig_are 7 also
shows small differences in the jet-on drag coefficients
for all three nozzles at these same Mach numbers.
At jet-off conditions, one should note that the drag
on the expansion surface of the ramp is included in
the nozzle drag coefficient term and, for this nozzle
comparison, can be large for nozzle 3 which has the
longest ramp. For .hi > 0.90, nozzle drag coefficient
increased with decreasing ramp length (increasing
ramp boattail angle), particularly at M = 1.20.
These three nozzles were also tested at angles
of attack of -6 ° and 6 °, and the variation of the
a_ropropulsive parameter and nozzle drag coefficient
with angle of attack is summarized in figures 8
and9,respectively.In generalforthcscthreenozzles,
(F - D**)/Fi increased as a was increased from -6 °
to 6°. This increase was due mainly to a decrease in
nozzle drag as angle of attack was increased (fig. 9).
Effect of upper ramp angle. The effects of
varying upper ramp chordal angle on nozzle inter-
nal and acropropulsive performance are shown in fig-
ure 10. As can be sccn in figure 10(a), increasing the
upper ramp chordal anglc Or lowered the resultant
thrust ratio Fr/F i over the entire NPR range tested.
Similar results were obtained in referencc 9 which
also showed that the decrease in resultant thrust ra-
tio resulted from a reduction in pressures on the up-
pcr ramp.
At subsonic Mach numbers, increasing the upper
ramp angle also resulted in a decrease in aeropropul-
sive performance (figs. 10(b) to 10(e) and 11). With
the absence of pressure measurements, assessing the
extent of external flow effects on nozzle internal per-
formance is difficult. However, for nozzle 5, these
external flow effects may bc detrimental bccause this
nozzle had a much higher jet-on nozzle drag coeffi-
cient than either nozzles 1 or 4 (figs. 10(b) to 10(e)
and 11). Lower nozzle drag was cxpected for nozzle 5
because it had the smallest upper ramp boattail an-
gle. As noted previously, any external flow effects on
nozzle internal (thrust) performance are charged to
nozzle drag coefficient. Nozzle 4, which had the low-
est ramp chordal angle, provided the highest aero-
propulsive performance at subsonic Mach numbers
below 0.95 (fig. 11). This result was caused by two
factors. First, nozzlc 4 generally had the lowest noz-
zle drag coefficient in this speed range (fig. 12), and
second, this nozzle was operating close to its design
nozzle pressure ratio in this speed range. (See ta-
bles 1 and 42.) These results indicate that the nozzle
should be designed to operate at low values of upper
ramp angles for the Mach numbers and nozzle pres-
sure ratios tested. For those applications in which
a variable upper ramp is required, such as for thrust
vectoring, the upper ramp angle could be varied in or-
der to optimize nozzle performance over a wide range
of operating conditions.
Nozzle 1 had the highest aeropropulsive perfor-
mance at M = 1.20 of the three nozzles shown be-
cause it is operating near design pressure ratio. As
seen in figure 10(f), ttle aeropropulsive performance
for nozzle 1 was essentially the same as that of noz-
zle 5 at nozzle pressure ratios from 10 to 12 even
though the design NPR for nozzle 5 was 10.65. This
again indicates that SERN nozzles may operate effi-
ciently at a lower expansion ratio than that required
for full expansion of the exhaust flow.
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Effect of lower flap length. The effects of
varying lower flap length on nozzle internal and aero-
propulsivc performance and nozzle drag arc shown
in figures 13 to 15. At NPR > 3, there was an in-
crease in nozzle internal performance as the lower flap
length increased (fig. 13(a)) although the differences
between nozzles l and 7 were small. Similar effects
were found in references 8 and 9 where reference 9
showed that as the lower flap length was increased,
pressures on the upper ramp also increased which
would be expected to result in higher internal per-
formance. In addition, reference 9 indicated that at
nozzle pressure ratios below (NPRi)de s, shock waves
with some flow separation were present, on the ramp
and that these shocks moved farther upstream on
the ramp as lower flap length was decreased. Conse-
quently, these results imply that for nozzle 6, which
has the shortest lower flap, more of the ramp is prob-
ably separated which would contribute to the lower
internal performance for this nozzle when compared
with that of nozzles 1 and 7. In addition, nozzle 6
had the lowest internal design nozzle pressure ratio
of those shown in figure 9, and thus it was operating
farther off design at NPR > 3 than nozzles 1 and 7.
At forward speeds, nozzle 1 generally had higher
aeropropulsive performance than either nozzles 6 or 7
at NPR > 3 for all Mach numbers tested (figs. 13
and 14). The effects of varying lower flap length
on nozzle drag (figs. 13 and 15) were small, but in
general, nozzle 1 had the lowest nozzle drag.
A comparison of external pressure distributions
between nozzles l, 6, and 8 is presented in figure 52.
In general, small differences exist between the pres-
sure distributions over the external ramp. Nozzle 6
tends to have a slightly higher pressure recovery at
jet-off conditions. On the lower flap, nozzle 6 had a
greater expansion of the flow over the initial portion
of the lower surface coupled with higher downstream
pressure recovery than that of nozzle 1. The gener-
ally higher nozzle drag coefficient for nozzle 6 may in
part be due to this region of low (negative) pressure
coefficients acting on the larger axial projected area
of the initial lower flap curvature.
Effect of lower flap angle. The effects of
varying lower flap angle on nozzle internal and aero-
propulsive performance and nozzle drag coefficient
are presented in figures 16 to 18. The internal ex-
pansion ratios for these three nozzles differ widely,
and as a result, peak internal performance occurs at
different nozzle pressure ratios that correspond to the
various expansion ratios (fig. 16(a)).
The effects of varying lower flap angle on acro-
propulsive performance, shown in figure 17, follow
expectedtrendsbasedontheresultsfromstaticcon-
ditions. Nozzle9 hasthe highestresultantthrust
ratio at NPR= 3 (fig. 16(a))andthe highestper-
formanceat M = 0.60. At M = 1.20, nozzle 8 has
higher performance than nozzle 9 because nozzle 8 is
now operating at an NPR closer to that required for
optimum external expansion and also because noz-
zle 9 has a higher nozzle drag. However, the highest
performance at M = 1.20 was obtained with noz-
zle 1 which is operating near design for external ex-
pansion (that is, (NPR)des = 7.84 versus scheduled
NPR = 8 at M = 1.20) and also has lower nozzle
drag than nozzle 9 and slightly lower drag than noz-
zle 8. For a fully variable SERN, the lower flap would
most likely be movable, and thus the lower flap an-
gle along with the upper ramp angle would be varied
to maximize performance over a wide range of flight
conditions. The effect of varying lower ftap angle on
nozzle drag coefficient (fig. 18) was small except for
nozzle 9 which had significantly higher nozzle drag
at M = 0.95 and 1.20.
A comparison of the external pressure distribu-
tions between nozzles 1 and 8 is presented in fig-
ure 52. Little or no difference occurred in tile pres-
sure distributions over the range of conditions tested.
Effect of axial location of nozzle throat.
The effects of varying the axial location of the nozzle
throat on internal and aeropropulsive performance
nozzle 11 had the same jet-off drag coefficient as
nozzle 10.
The jet-off nozzle drag coefficient for nozzle 10 at
M = 0.90 to 1.20 was significantly higher than that
of either nozzles 1 or 11, and in fact, nozzle 10 had
one of the highest jet-off drag coefficients measured
of all the nozzles tested. This higher drag is believed
to be a result of an increase in pressure drag due to
the greater upper ramp and lower flap boattail angles
of nozzle 10.
External pressures of nozzles 1 and 10 are pre-
sented in figure 53. At M = 0.60 and 0.80, nozzle 10
had a greater expansion of the flow over both the
ramp and flap with recovery of the flow to higher
positive pressures than nozzle 1. This greater recom-
pression of the flow on nozzle 10 results in lower drag
(or possibly a thrust) on the aft portion of the noz-
:: zle external surfaces which can compensate for the
higher drag caused by the greater expansion (lower
pressures) of the flow over the initial boattail sur-
faces. This would account for the small difference in
nozzle drag between nozzles 10 and 1.
At Mach numbers greater than 0.80, a marked
difference was evident in the flow characteristics be-
tween nozzles 1 and 10, particularly on the lower flap.
Although the flow over the upper ramp of nozzle 10
still expands more than on nozzle 1, the flow now
recompresses to the same levels as nozzle 1. On the
and nozzle drag coefficient are shown in figures 19 lower flap, nozzle 10 now has a strong expansion that
to 21. The axial location of the nozzle throat will is followed by a shock and flow separation. This flow
probably have the most impact on the external per-
formance of the nozzle because both the upper ramp
and lower flap boattail angles can be significantly
changed by varying this geometric parameter while
internal and external expansion ratios remain con-
stant. For example, Iow nozzle boattail angles, which
are desirable for nozzles installed in an aircraft de-
signed to cruise supersonically, would result as the
axial location of the throat is increased.
As expected, figure 19(a) shows that the three
nozzles have essentially the same internal perfor-
mance. Thus, any changes to aeropropulsive perfor-
mance from varying the axial location of the nozzle
throat should be due to external flow effects only
and will show up primarily as changes to nozzle drag
coefficient.
As can be seen in figure 21, nozzles 10 and 11 had
the same jet-off drag coefficients (somewhat higher
than CD,n for nozzle 1) at ill = 0.60 and 0.80. At
a scheduled NPR for these Mach numbers, the drag
coefficient for nozzle 11 was considerably higher than
that of either nozzles 1 or 10. This higher drag
coefficient was due to less favorable jet effects because
separation is quite evident at M = 0.95 at both jet-off
and jet-on conditions (figs. 53(k) to 53(m)). These
results would indicate that at subsonic speeds, larger
lower flap boattail angles are probably undesirable.
The fact that nozzle 11 had the lowest drag coeffi-
cient at M = 1.20 (fig. 21) was probably due to lower
pressure drag because of the lower boattail angles of
both the upper ramp and lower flap. Consequently,
nozzle 11 had the highest aeropropulsive performance
of all nozzles tested at M = 1.20.
The effects of angle of attack on acropropulsive
performance and nozzle drag are summarized in fig-
ures 22 and 23, respectively, for nozzles 1, 10, and 11.
Generally, angle of attack had no effect on the rela-
tive differences between the three nozzles. That is,
at M = 0.60 nozzles 1 and 10 had the same perfor-
mance but nozzle 11 had lower performance for the
three angles of attack tested.
Effect of vertical location of nozzle throat.
The effects of varying the vertical location of the
nozzle throat on internal and aeropropulsive perfor-
mance and nozzle drag coefficient are presented in
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figures24to 26.Varyingtheverticallocationof the
nozzlethroat is a meansof tradingupperor lower
nozzleboattailangleswithouthavingto makelarge
extensionsto the upperrampor lowerflap. Since
all threenozzleshad identicalexpansionratios, it
wasexpectedthat nozzles1, 12,and 13wouldhave
thesameinternalperformance,but, ascanbeseen
in figure24(a),nozzle13hadlowerresultantthrust
ratiosup to NPR= 4. Because peak internal perfor-
mance occurred at NPR ._ 4.5 for nozzle 13 (versus
NPR _ 3.5 for nozzles 1 and 12), it is apparent that
this nozzle had a higher effective expansion ratio.
The reason for this shift in effective expansion ratio
is not known, but it may bc due to the convergent
section of the upper ramp being too short. As a re-
sult, performance at forward speeds is governed by
both internal and external flow characteristics.
In general, the effects of varying the vertical lo-
cation of the nozzle throat on either the aeropropul-
sive parameter or nozzle drag coefficient are small
(figs. 25 and 26). Nozzle 13 had lower aeropropul-
sive performance at h/ -- 0.60 than either nozzles 1
or 12 (fig. 25) because this nozzle had lower internal
performance at the scheduled NPR of 3 (fig. 24(a)).
An upward movement of the nozzle throat location
(nozzles 12 and 13) resulted in an increase in lower
flap boattail angle and a decrease in upper ramp an-
gle. As might be expected, these opposing changes
in boattail angle appeared to contribute opposite ef-
fects on external drag so that the net effect on drag
coefficient was small (fig. 26).
Effect of Surface Shape Variations
Some limited tests were conducted in order to
determine the effect of varying the shape of some
of the nozzle surfaces without changing the basic
six geometric parameters that defined a particular
nozzle. This was accomplished on nozzle 1 by varying
the curvature of either the upper ramp internal or
external surfaces or the lower flap external surface
which resulted in nozzles 30 to 32.
Effect of upper ramp expansion surface.
The effects of varying the curvature of the upper
ramp expansion surface on the internal and aero-
propulsive performance and nozzle drag coefficients
are presented in figures 27 to 29. The modification
to the ramp expansion surface consisted of reduc-
ing the curvature of the surface relative to nozzle 1
which reduced the initial ramp expansion angle. As
shown in figure 27(a), reducing the ramp curvature
caused essentially no effect on the resultant thrust
ratio; however, resultant thrust-vector angles were
more negative. Similar effects of ramp curvature on
thrust-vector angle were reported in reference 9.
At subsonic speeds the aeropropulsive perfor-
mance of nozzle 30 was slightly higher than that
of nozzle 1 (fig. 28) because nozzle 30 generally
had lower nozzle drag coefficients at these speeds
(fig. 29). This change in nozzle drag coefficient was
most likely due to a favorable external-flow effect on
the nozzle internal performance rather than to exter-
nal drag characteristics because there was no geomet-
ric change to the external surfaces of the two nozzles.
In general, the difference in either aeropropulsivc per-
formance or nozzle drag coefficient between nozzles 1
and 30 remained the same at each of the angles of at-
tack tested. (Compare the results of tables 4 and 33.)
Effect of varying upper ramp external sur-
face. The effects of varying the shape of the upper
ramp external surface on the internal and aeropropul-
sive performance and nozzle drag characteristics are
presented in figures 30 to 32. As expected, chang-
ing the curvature of the upper ramp external surface
caused no effect on internal performance (fig. 30(a)).
At subsonic speeds, nozzle drag coefficient was gen-
erally lower for nozzle 31 than for nozzle 1 (fig. 32),
and as a result, nozzle 31 had higher aeropropulsive
performance than nozzle 1 up to M = 0.80 (fig. 31).
Angle-of-attack effects (not shown graphically) were
similar to those discussed previously for the upper
ramp expansion surface. (Compare tables 4 and 34.)
Effect of varying lower flap external shape.
The effects of varying the lower ramp external shape
on internal and aeropropulsive performance and noz-
zle drag coefficients are shown in figures 33 to 35.
The internal resultant thrust ratio for nozzle 32 was
higher than that for nozzle 1 even though these two
nozzles were supposed to have the same internal con-
tours. (Compare tables 2(a) and 2(if).) This dif-
ference in internal performance is attributed to ge-
ometry differences between the lower flaps for noz-
zles 1 and 32 because both nozzles used the same
upper ramp piece when configured as a test nozzle.
As shown in figure 35, nozzle 32 had higher jet-off
and jet-on nozzle drag than nozzle 1, in particular at
Mach numbers greater than 0.90. As a result, this
nozzle generally had poorer aeropropulsivc perfor-
mance characteristics than nozzle 1 (figs. 33 and 34).
The results at angle of attack (not shown) are once
again the same as those already noted. (Compare
tables 4 and 35.)
Variation of Convergent
Single-Expansion-Ramp Nozzles
Several convergent SERN's were investigated in
order to determine the effects of nozzle geome-
try variations on both internal and aeropropulsive
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performanceof thesetypesof nozzles.A convergent that variationof this parameterhad the largestef-
SERNis still anexternalexpansionozzlebut the fectsonnozzleinternalperformance.Nozzle36(with
internalexpansionratio is 1 andall expansionoc-
cursdownstreamof the lower flap exit. The use





Effect of upper ramp length. The effects of
varying nozzle upper ramp length on the internal and
aeropropulsive performance and on nozzle drag coef-
ficient are presented in. figures 36 to 38. Increasing
the upper ramp length decreased resultant thrust ra-
tios at NPR > 2.5 up to the maximum NPR tested
(fig. 36(a)). Note that these two nozzles maintained
nearly constant levels of resultant thrust ratio over
the entire range of nozzle pressure ratios tested. This
a long lower flap) also had higher acropropulsive per-
formance than nozzle 37 (fig. 43) over the entire Mach
number range tested because nozzle 36 had higher
static (or internal) performance.
Effect of lower flap angle. The effects of
varying the lower flap angle on internal and hero-
propulsive performance are presented in figures 45
to 47. Decreasing the lower flap angle, that is,
going from -4.00 ° (nozzle 33) to -18.00 ° (noz-
zle 37), resulted in small increases in both resultant
thrust ratio (fig. 45(a)) and aeropropulsive perfor-
mance (fig. 46). Similar results were found for the
convergent-divergent SERN nozzles.
Comparison between convergent and
characteristic trend of internal performance for con- cortvergent-divergent nozzles.
vergent SERN nozzles has been shown previously
in reference 11. Aeropropulsive performance was
lower for nozzle 33 (with a long upper ramp) up to
M = 0.90 (figs. 36 and 37) primarily because noz-
zle 34 has better thrust characteristics. However, at
M = 0.95 and 1.20, nozzle 33 has higher aeropropul-
sive performance because this nozzle has lower nozzle
drag coefficients than nozzle 34 (figs. 36 and 38). The
higher nozzle drag for nozzle 34 probably results from
higher boattail drag that develops on the shorter up-
per ramp of this nozzle at transonic and supersonic
speeds.
Effect of upper ramp angle. The internal and
aeropropulsive performance and nozzle drag charac-
teristics that result from varying the nozzle upper
ramp angle are shown in figures 39 to 41. At sub-
sonic speeds, increasing the upper ramp angle gen-
erally decreased the resultant thrust ratio and hero-
propulsive performance parameter and increased the
nozzle drag coefficient. Similar effects were found for
the convergent-divergent nozzles (figs. 10 to 12). At
M = 1.20, increasing the upper ramp angle increased
aeropropulsive performance at a nozzle pressure ratio
near the scheduled value of 8 because of lower nozzle
A comparison of
internal and aeropropulsive performance between
convergent and convergent-divergent SERN nozzles
is presented in figures 48 to 50. Nozzle 36 (conver-
gent) had higher internal performance than nozzle 1
(C-D) up to about NPR = 3.5 (which is about the
nozzle pressure ratio for optimum internal expansion
for nozzle 1) and then essentially the same perfor-
mance up to about NPR = 7. (Both nozzles had the
same external expansion ratios.) Except for NPR
< 2.5, nozzle 33 (convergent) had the lowest internal
performance of the three nozzles considered.
A comparison of aeropropulsive performance be-
tween the convergent-divergent and the convergent
SERN nozzles is shown in figure 49. At the sched-
uled NPR (3) for M = 0.60, nozzle 36 (convergent)
had the highest aeropropulsive performance mainly
because this nozzle had the highest internal perfor-
mance at this nozzle pressure ratio. However, at
all other test conditions, nozzle 1 (C-D) had signif-
icantly higher performance than either of the con-
vergent SERN nozzles, 33 or 36. Part of this lower
performance is attributed to these two nozzles hav-
ing much higher nozzle drag at both jet-off and jet-on
conditions (fig. 50). The reason for this much higher
drag.
Effect of lower flap length. The effects of in-
creasing lower flap length on internal and aeropropul-
sive performance and nozzle drag coefficient are pre-
sented in figures 42 to 44. Increasing the lower flap
length resulted in a significant increase in resultant
thrust ratio of about 2 percent over the entire range
of nozzle pressure ratio tested (fig. 42(a)). This re-
sult is similar to that of reference 11 which also found
drag for both nozzles 33 and 36 is evident in tile pres-
sure distributions presented in figure 54. The flow
over the upper ramp for all three nozzles has cssen-
tially the same characteristics showing similar initial
expansion of the flow followed by a strong pressure re-
covery to relatively high positive pressures. However,
the expansion of the flow over the lower flap for both
nozzles 33 and 36 is much stronger with the expan-
sion peak occurring farther downstream on the flap.
At Mach numbers greater than 0.60, evidence exists
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of a shockon the flap with someresultingshock-
inducedseparation,especiMlyat M = 0.90 and 0.95.
At these conditions, the initial expansion of the flow
over the lower flap of nozzle 1 is followed by a strong
recovery to positive pressures which, acting on the
aft-facing nozzle boattail, will decrease nozzle drag
relative to the other nozzles.
Concluding Remarks
An investigation conducted in tile Langley 16-
Foot Transonic 25mnel has determined the effects of
varying six nozzle geometric parameters on the inter-
nal and aeropropulsive performance characteristics
of single-expansion-ramp nozzles. These parameters
included the nozzle upper ramp length and chordal
angle, the nozzle lower flap length and chordal an-
gle, and the axial and vertical locations of thc noz-
zle throat. Both convergent-divergent and conver-
gent nozzle configurations were tested. Some lim-
ited tests were made to study the effects of varying
the curvature of the upper ramp internal and exter-
nal surfaces and the lower flap external surface of
one of the nozzles. This investigation was conducted
at Mach numbers from 0.60 to 1.20, nozzle pres-
sure ratios from 1.5 to 12 and angles of attack of 0 °
and =t=6° .
Maximum aeropropulsive performance at a par-
ticular Mach number was highly dependent on the
operating nozzle pressure ratio. For example, as up-
per ramp length or angle increased, some nozzles had
higher performance at a Mach number of 0.90 be-
cause the nozzle design pressure ratio was the same
as the operating pressure ratio. Thus, selection of
the various nozzle geometric parameters should be
based on the mission requirements of the aircraft.
Because of the two separate exhaust-flow expansion
processes, less external expansion ratio control may
be required for single-expansion-ramp nozzles. A
combination of lmige upper ramp and large lower flap
boattail angles produced greater nozzle drag coeffi-
cients at Mach numbers greater than 0.80, primar-
ily from shock-induced separation on the lower flap
of the nozzle. An increase in both resultant thrust
ratio and acropropulsive performance resulted from
increasing the flap length of the convergent single-
expansion-ramp nozzle. At static conditions, the
convergent nozzles had high and nearly constant val-
ues of resultant thrust ratio over the entire range of
nozzle pressure ratio tested. However, these nozzles
had much lower aeropropulsive performance than the
convergent-divergent nozzle at Mach numbers greater
than 0.60. Varying the external shape of either the
upper ramp or the lower flap of one of the nozzles re-
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sulted in small changes to either aeropropulsive per-
formance or nozzle drag.
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Table 2. Nozzle Coordinates
[The symbol s denotes a straight-line contour between two indicated coordinates]
(a) Nozzle 1
Upper ramp coordinates
External surface Internal surface
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radius 2 ffi0.750
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radius 1 - 0.750
radius 2 - 2.000
Lower flap coordlnates
External surface Internal surface
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radius 2 - 0.750
Lower flap coordinates
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x, in. ¥, in.
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordinates
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordinates
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordinates
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordlnates
External surface Internal surface
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radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius i = 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 1 - 0.750
radius 2 = 0.750
Lower flap
External surface
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 1 = 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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External surface Internal surface
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radius 1 - 0.750
radius 2 = 4.000
Lower flap coordinates
External surface Internal surface
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radius I = 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius i = 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 1 - 0.750
radius 2 - 0.750
Lower flap coordinates
External surface Internal surface
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radius 1 - 0.750
radius 2 - 3.000
Lower flap coordinates
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radius 3 = 0.000
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Table 3. Pressure Orifice Locations on External Surface of Nozzles
(a) Nozzles 1 and 6
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(b) Nozzles 8 and 10
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Upper ramp surface at
values of z/(W/2) of-






















































Upper ramp surface at
_ values of z/(W/2 ) of--
























































Lower flap surface at























Lower flap surface at













Table4. StaticandAcropropulsiveCharacteristics for Nozzle 1
[Parts (c) and (d) come from repeat runs]
(a) Internal performance
M ALPHA NPR UP/W'I FR/FI FJ/FI
0.00(3 -0.02 1.54 1.0196 0.9096 0.9060
0.000 -0.01 2.02 0.9868 0.9366 0.9353
0.000 0.00 2.50 0.9848 0.9651 0.9641
0.000 0.01 2.98 0.9844 0.9740 0.9722
0.000 -0.03 3.45 0.9860 0.9822 0.9822
0.000 0.00 3.96 0.9852 0.9794 0.9784
0.000 -0.01 4.47 0.9849 0.9788 0.9758
0.000 -0.03 4.99 0.9843 0.9779 0.9741
0.000 -0.03 6.01 0.9848 0.9783 0.9752
0.000 -0.06 6.99 0.9840 0.9802 0.9793
DELTAP CFJ CFN CMJ CFI
-5.14 0.1278 -0.0115 0.0615 0.1411
-3.00 0.2163 -0.0113 0.0535 0.2312
-2.62 0.3103 -0.0142 0.0649 0.3218
-3.47 0.4025 -0.0244 0.1198 0.4140
-0.71 0.4979 -0.0062 0.0144 0.5069
-2.56 0.5939 -0.0265 0.1290 0.6070
-4.47 0.6910 -0.0540 0.2739 0.7082
:-5.03 0.7911 -0.0697 0.3693 0.8122
-4.59 0.9973 -0.0800 0.4495 1.0227
-2.47 1.1993 -0.0518 0.3218 1.2247
(b) Aeropropulsive characteristics
M ALPHA NPR UP/V[ F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
1.201 -0.03 0.92 0.000(3 0.0000 0.2099 -0.1413 == 0.5068 0.000(3 -0.2532 -0.1413 0.5068 0.0041
1.199 -0.01 1.50 1.0102 -0.2934 0.1572 -0.0583 0.1392 -0.6286 -0.0814 -0.0698 0.2010 0.1295
1.199 -0.01 2.10 0.9789 0.2366 0.1724 -0.0980 0.3234 0.0579 0.0141 -0.1092 0.3752 0.2429
1.198 -0.01 4.04 0.9828 0.7028 0.1722 -0.1279 0.4930 0.6326 0.3914 -0.1546 0.6221 0.6188
1.198 -0.02 6.00 0.9830 0.8285 0.1505 -0.0500 0.0946 0.7856 0.7967 -0.1302 0.5433 1.0141
1.198 -0.04 8.00 0.9833 0.8845 0.1376 -0.0002 -0.1413 0.8540 1.2210 -0.0236 0.0474 1.4296
1.201 -0.02 i0.01 0.9835 0.9053 0.1346 0.0928 -0.6395 0.8818 1.6298 0.1274 -0.7120 1.8483
1.201 -0.03 12.01 0.9834 0.9148 0.1348 0.1680 -i.0439 0.8957 2.0388 0.2591 -1.3753 2.2761
0.953 0.00 1.06 0.000(3 0.0000 0.0914 -0.1346 0.2447 0.0000 -0.1369 -0.1346 0.2447 0.0048
0.945 -0.02 2.01 0.9852 0.7654 0.0628 -0.1245 0.1201 0.6411 0.2348 -0.1427 0.2058 0.3663
0.950 -0.02 3.02 0.9859 0.8661 0.0704 -0.1229 0.1377 0.7979 0.5328 -0.1619 0.3278 0.6678
0.950 -0.01 5.01 0.9837 0.9247 0.0642 -0.1333 0.2724 0.8895 1.1495 -0.2443 0.8599 1.2923
0.952 -0.02 6.99 0.9846 0.9478 0.0596 -0.1311 0.3473 0.9242 1.7844 -0.2135 0.8544 1.9307
0.951 -0.01 9.02 0.9832 0.9641 0.0416 '0.0258 -0.2722 0.9467 2.4703 -0.0155 -0.1836 2.6094
0.904 5.98 1.06 0.0000 0.0000 0.0583 -0.1058 0.1529 0.0000 -0.1042 -0.i058 0.1529 0.0050
0.900 6.00 2.04 0.9856 0.8341 0.0431 -0.0736 0.0308 0.7235 0.3005 -0.0526 0.1243 0.4154
0.901 6.00 3.03 0.9852 0.9114 0.0461 -0.0677 -0.0093 0.8498 0.6341 -0.0347 0.2023 0.7462
0.902 6.00 5.01 0.9845 0.9529 0.0349 -0.0876 0.1748 0.9209 1.3203 -0.0637 0.8260 1.4337
0.902 5.97 6.96 0.9846 0.9631 0.0314 -0.0755 0.1701 0.9417 2.0171 0.0506 0.7412 2.1420
0.898 5.99 9.00 0.9836 0.9625 0.0333 0.0638 -0.6122 0.9468 2.7620 0.3728 -0.5076 2.9173
0.899 -0.03 1.05 0.0000 0.0000 0.0644 -0.1544 0.2212 0.0000 -0.1103 -0.1544 0.2212 0.0051
0.898 -0.01 1.52 1.0140 0.7765 0.0330 -0.1009 -0.0079 0.5841 0.1396 -0.1213 0.1019 0.2389
0.898 -0.01 2.02 0.9886 0.8307 0.0426 -0.1190 0.0764 0.7191 0.2959 -0.1391 0.1709 0.4115
0.898 -0.01 3.04 0.9855 0.9088 0.0477 -0.1112 0.0281 0.8479 0.6393 -0.1548 0.2413 0.7540
0.898 0.02 4.01 0.9854 0.9434 0.0384 -0.0775 -0.1666 0.9013 0.9850 -0.1242 0.0627 1.0928
0.899 0.00 4.99 0.9844 0.9448 0.0418 -0.1272 0,1840 0.9128 1.3133 -0.2510 0.8398 1.4386
0.898 -0.04 6.98 0.9845 0.9621 0.0360 -0.1224 0.2163 0.9408 2.0354 -0.2162 0.7891 2.1634
0.900 -0.02 9.00 0.9839 0.9733 0.0177 0.0057 -0.5048 0.9575 2.7829 0.0156 -0.4010 2.9065
0.899 -6.03 1.03 0.0000 0.0000 0.1147 -0.2070 0.2911 0.0000 -0.1606 -0.2070 0.2911 0.0051
0.898 -6.00 2.03 0.9859 0.7325 0.0801 -0.1797 0.1692 0.6210 0.2560 -0.2399 0.2637 0.4122
0.897 -6.00 3.03 0.9854 0.8483 0.0849 -0.1796 0.1677 0.7873 0.5938 -0.2995 0.3813 0.7542
0.898 -6.02 5.00 0.9844 0.9069 0.0756 -0.1838 0.2772 0.8750 1.2610 -0.4545 0.9348 1.4411
0.900 -6.02 7.01 0.9842 0.9383 0.0672 -0.1679 0.2413 0.9171 1.9868 -0.4804 0.8047 2.1663
0.902 _ _I 8.99 0.9840 0.9629 0.0330 -0.0304 -0.5118 0.9470 2.7407 -0.3170 -0.4064 2.8940
0.799 _ : 1.03 0.000(3 0.0000 0.0664 -0.1520 0.2474 0.0000 -0.1133 -0.1520 0.2474 0.0058
0.800 0.02 2.05 0.9860 0.8565 0.0432 -0.1103 0.0652 0.7681 0.4070 -0.1353 0.1832 0,5299
0.801 -0.04 3.05 0.9860 0.9250 0.0447 -0.1063 0.0425 0,8758 0.8353 -0.1617 0.3108 0.9537
0.802 -0.01 4.97 0.9847 0.9498 0.0429 -0.1202 0.1887 0.9238 1.6598 -0.2735 0.9987 1.7968
0.801 -0.03 6.99 0.9840 0.9657 0.0371 -0.1024 0.1661 0.9485 2.5885 -0.2191 0.8816 2.7290
0.599 5.98 1.02 0.0000 0.0000 0.0607 -0.0979 0.1970 0.0000 -0.1098 -0.0979 0.1970 0.0086
0.600 5.99 2.04 0.9854 0.8864 0.0481 -0.0563 0.0347 0.8338 0.7777 -0.0095 0.2459 0.9327
0.600 6.01 3.04 0.9849 0.9465 0.0456 -0.0429 -0.0193 0.9175 1.5503 0.0325 0.4579 1.6897
0.602 5.99 4.99 0.9850 0.9651 0.0380 -0.0656 0.1955 0.9498 3.0470 -0.0138 1.6565 3.2081
0.601 5.99 7.00 0.9841 0.9729 0.0260 -0.0208 0.0799 0.9628 4.6791 0.2734 1.3477 4.8599
0.600 -0.03 1.01 0.0000 0.0000 0.0611 -0.1507 0.2795 0.0000 -0.Ii01 -0.1507 0.2795 0.0086
0.602 0.01 1.53 1.0229 0.8544 0.0275 -0.0923 0.0364 0.7655 0.4211 -0.1376 0.2798 0.5501
0.601 -0.02 2.04 0.9858 0.8895 0.0445 -0.1037 0,0736 0.8367 0.7751 -0.1486 0.2837 0.9264
0.602 -0.04 3.05 0.9858 0.9450 0.0456 -0.0978 0.0293 0.9160 1.5463 -0.1957 0.5044 1.6881
0.602 0.00 3.98 0.9842 0.9588 0.0501 -0.0972 0.0396 0.9385 2.2569 -0.2015 0.5482 2.4048
0.602 -0.02 4.98 0.9849 0.9603 0.0418 -0.1130 0.2246 0.9450 3.0138 -0.3864 1.6673 3.1893
0.602 -0.01 5.99 0.9838 0.9660 0.0400 -0.0763 0.1048 0.9538 3.8184 -0.3912 1.8676 4.0033
0.600 -0.05 6.98 0.9842 0.9721 0.0338 -0.0798 0.1575 0.9620 4.6595 -0.2907 1.4392 4.8436
0.600 -6.03 1.00 0.0OO0 0.0000 0.1150 -0.2052 0.3645 0.0000 -0.1639 -0.2052 0.3645 0.0086
0.600 -5.99 2.03 0.9864 0.8391 0.0808 -0.1675 0.2115 0.7863 0.7278 -0.3026 0.4231 0.9256
0.600 -6.00 3.04 0.9854 0.9141 0.0792 -0.1622 0.1633 0.8852 1.4946 -0.4305 0.6402 1.6884
0.600 -6.01 5.00 0.9856 0.9358 0.0728 -0.1714 0.3219 0.9207 2.9818 -0.7784 1.7991 3.2387

























NPR UP/VI FR/FI FJ/FI DELTAP CFJ CFN
1.50 1.0260 0.9007 0.8981 -4.31 0.1198 -0.0090
2.02 0.9837 0.9394 0.9381 -2.97 0.2167 -0.0112
2.53 0.9843 0.9655 0.9644 -2.79 0.3164 -0.0154
2.99 0.9830 0.9739 0.9722 -3.39 0.4040 -0.0239
3.47 0.9847 0.9827 0.9826 -0.69 0.5008 -0.0061
3.97 0.9842 0.9792 0.9783 -2.48 0.5941 -0.0257
4.47 0.9844 0,9777 0.9749 -4.33 0.6900 -0.0522
4.99 0.9841 0.9770 0.9733 -4.96 0.7902 -0.0686
6.02 0.9847 0.9777 0.9747 -4.50 0.9980 -0.0785
6.98 0.9844 0.9786 0.9778 -2.37 1.1957 -0.0494
(d)
M ALPHA NPR VP/VI F-DI_/FI CDN CLCN
0.601 0.02 1.02 0.0000 0.0000 0.0546 -0.1570
0.600 0.01 1.50 1.0285 0.8677 0.0195 -0.0937
0.599 0.02 2.01 0.9838 0.8984 0.0362 -0.1098
0.600 0.00 2.98 0.9836 0.9497 0.0384 -0.1055
0.600 -0.02 4.02 0.9837 0.9610 0.0470 -0.1204
0.600 0.00 5.01 0.9853 0.9616 0.0365 -0.1240
0.599 -0.01 6.03 0.9846 0.9666 0.0362 -0.0942
0.600 -0.04 7.02 0.9838 0.9736 0.0289 -0.0897
1.205 0.01 0.98 0.0000 0.0000 0.1820 -0.0876
1.199 0.02 1.53 1.0177 -0.2177 0.1554 -0.0652
1.204 0.00 2.02 0.9831 0.2005 0.1681 -0.0992
1.200 0.00 3.99 0.9874 0.6960 0.1707 -0.1276
1.200 0.00 6.00 0.9848 0.8277 0.1492 -0.0499
1.200 -0.03 8.04 0.9854 0.8846 0.1351 -0.0045
1.201 -0.01 I0.01 0.9845 0.9043 0.1349 0.0802
1.200 0.01 12.01 0.9839 0.9133 0.1377 0.1507
0.950 0.00 1.06 0.0000 0.0000 0.0884 -0.1580
0.949 -0.01 2.01 0.9869 0.7613 0.0638 -0.1342
0.953 0.00 3.02 0.9866 0.8641 0.0711 -0.1329
0.949 0.00 5.00 0.9844 0.9273 0.0601 -0.1463
0.949 -0.02 6.98 0.9844 0.9499 0.0562 -0.1453
0.948 -0.02 8.98 0.9839 0.9655 0.0363 -0.0418
0.900 0.02 1.05 0.0000 0.0000 0.0658 -0.1635
0.900 0.03 1.53 1.0170 0.7740 0.0332 -0.1127
0.900 0.01 2.04 0.9870 0.8344 0.0425 -0.1293
0.902 0.01 3.02 0.9854 0.9075 0.0479 -0.1226
0.901 0.00 4.01 0.9848 0.9412 0.0412 -0.0902
0.901 0.00 5.03 0.9838 0.9441 0.0434 -0.1378
0.901 -0.01 6.99 0.9844 0.9611 0.0384 -0.1301
0.899 -O.01 9.01 0.9839 0.9720 0.0215 -0.0040
0.800 O.00 1.O3 0.0000 0.0OOO 0.0670 -0.1606
0.801 -0.01 1.96 0.9859 0.8435 0.0444 -0.1164
0.801 0.01 2.97 0.9869 0.9256 0.0406 -0.1048
0.801 -0.01 5.04 0.9856 0.9498 0.0413 -0.1268
























CMCN F-DIFI C(F-D) CL CM CFI
0.2711 0.0000 -0.1027 -0.1570 0.2711 0.0084
-0.0185 0.7760 0.4079 -0.1393 0.2285 0.5256
0.0563 0.8454 0.7690 -0.1545 0.2698 0.9097
0.0284 0.9203 1.5097 -0.2023 0.5036 1.6403
0.1011 0.9412 2.3005 -0.2266 0.6143 2.4442
0.2092 0.9467 3.0675 -0.4011 1.6799 3.2403
0.0928 0.9548 3.8949 -0.4108 1.8713 4.0794
0.1164 0.9637 4.7121 -0.2950 1.3775 4.8895
0.2206 0.0000 -0.2250 -0.0876 0.2206 0.0040
0.1446 -0.5300 -0.0731 -0.0766 0.2059 0.1380
0.3076 0.011! 0.0025 -0.1103 0.3603 0.2275
0.4876 0.6251 0.3804 -0.1540 0.6159 0.6085
0.0947 0.7851 0.7946 -0.1295 0.5416 1.0122
-0.1428 0.8545 1.2271 -0.0264 0.0397 1.4360
-0.6340 0.8809 1.6290 0.1149 -0.7058 1.8492
-I.0463 0.8943 2.0401 0.2436 -1.3783 2.2811
0.2340 0.0000 -0.1336 -0.1580 0.2340 0.0047
0.1216 0.6379 0.2335 -0.1522 0.2066 0.3660
0.1389 0.7964 0.5304 -0.1714 0.3281 0.6661
0.2569 0.8924 1.1547 -0.2571 0.8448 1.2939
0.3203 0.9266 1.7979 -0.2283 0.8318 1.9402
-0.3003 0.9482 2.4793 -0.0337 -0.2022 2.6146
0.2119 8 8_78 -0.1113 -O.1635 0.2119 0.0050
- 0 30 : 438 0 328 0957 2447
0.0674 0.7249 0.3015 -0.1491 0.1610 0.4159
0.0200 0.8462 0.6276 -0.1655 0.2310 0.7418
-0.1712 0.8992 0.9760 -0.1371 0.0566 1.0855
0.1820 0.9126 1.3174 -0.2613 0.8377 !.4436
0.2110 0.9400 2.0290 -0.2214 0.7764 2.1585
-0.5181 0.9563 2.7903 0.0070 -0.4151 2.9177
0.2370 0.0000 -0.1135 -0.1606 0.2370 0.0057
0.0407 0.7487 0.3669 -0.1417 0.1619 0.4901
-001430.87510.8053-015890.252!0.92020.18110.9246i.6980- 28351.01331.83660.16510.94822.5895022540.88082.7309
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Table 5. Internal and Aeropropulsive Characteristics for Nozzle 2
M
0.000 0.02 1.52 1.0234 0.9244 0.9140
0.000 -0.01 2.01 0.9866 0.9385 0.9337
0.000 0.02 2.53 0.9866 0.9639 0.9594
0.000 -0.01 3.00 0.9858 0.9718 0.9590
0.000 -0.01 3.47 0.9873 0.9786 0.9720
0.000 -0.05 3.97 0.9871 0.9833 0.9805
0.000 -0.05 4.47 0.9864 0.9862 0.9852
0.000 -0.04 4.97 0.9860 0.9858 0.9857
0.000 -0.02 6.03 0.9870 0.9847 0.9846
0.000 -0.04 7.04 0.9863 0.9800 0.9794
(a) Internal performance
ALPHA NPR _P/UI FR/FI FJ/FI DELTAP CFJ CFN OlJ CFI
-8.60 0.1255 -0.0190 0.0990 0.1373
-5.80 0.2148 -0.0218 0.1080 0.2301
-5.54 0.3155 -0.0306 0.1580 0.3289
-9.28 0,4008 -0.0655 0.3341 0.4179
-6.64 0.4975 -0.0579 0.3039 0.5119
-4.28 0.5985 -0.0448 0.2428 0.6104
-2.53 0.6992 -0.0309 0.1811 0.7097
-1.12 0.7982 -0.0156 0.1196 0.8098
0.79 1.0123 0.0139 -0.0092 1.0281
1.91 1.2132 0.0405 -0.1312 1.2387
(b) Aeropropulsive characteristics
M ALPHA NPR gP/I/I F-DN/FI CDN CLCN_ CMCN F-D/FI C(F-D) CL CM CFI
1.200 0.00 0.91 0.0000 0.0000 0.2582 0.0055 -0.0074 0.0000 -0.3011 0.0055 -0.0074 0.0040
1.200 0.01 1.55 1.0044 -0.5576 0.2080 0.0040 0.0228 -0.8637 -0.1211 -0.0150 0.1216 0.1402
1.198 0.01 2.05 0.9758 0.0081 0.2195 -0.0262 0.1525 -0.1752 -0.0411 -0.0481 0.2607 0.2344
1.201 0.00 4.03 0.9839 0.6325 0.2153 0.0007 0.0237 0.5625 0.3452 -0.0426 0.2591 0.6137
1.201 -0.02 6.08 0.9845 0.7840 0.2079 0.0159 -0.0595 0.7421 0.7605 0.0306 -0.0747 1.0249
1.201 -0.01 8.06 0.9850 0.8419 0.1909 0.0186 -0.0710 0.8120 1.1678 0.0848 -0.3223 1.4382
1.198 0.00 9.95 0.9843 0.8705 0.1740 0.0194 -0.0803 0.8471 1.5608 0.1352 -0.5578 1.8425
1.206 0.01 12.08 0.9843 0.8861 0.1558 0.0200 -0.0727 0.8672 1.9727 0.1896 -0.7964 2.2748
0.950 0.00 I.ii 0.0000 0.000(3 0.10i8 -0.0033 -0.2947 0.0000 -0.1467 -0.0033 -0.2947 0.0047
0.954 -0.02 2.01 0.9844 0.6787 0.0927 -0.0963 0.2019 0.5542 0.2001 -0.1307 0.3716 0.3610
0.951 -0.03 3.01 0.9858 0.8245 0.0903 -0.0674 0.0379 0.7568 0.5028 -0.1707 0.5632 0.6643
0.946 -0.03 4.99 0.9844 0.9234 0.0832 -0,1113 0.2060 0.8887 1.1514 -0.1359 0.3928 1.2957
0.950 -0.02 6.99 0.9851 0.9456 0.0683 -0.0773 0.0634 0.9225 1.7909 -0.0160 -0.1345 1.9414
0.950 -0.01 9.00 0.9847 0.9508 0.0489 -0.0656 -0.0051 0.9336 2.4357 0.0787 -0.5838 2.6091
0.901 5.98 I.ii 0.0000 0.0000 0.0758 -0.0112 -0.1372 0.00(30 -0.1212 -0.0112 -0.1372 0.0049
0.902 6.01 2.02 0.9861 0.7904 0.0603 -0.0283 -0.0027 0.6788 0.2760 -0.0267 0.1873 0.4066
0.900 5.95 3.00 0.9860 0.8881 0.0612 -0.0058 -0.1338 0.8267 0.6108 -0.0467 0.4538 0.7388
0.900 5.98 5.01 0.9847 0.9439 0.0576 -0.0485 0.0717 0.9124 1.3146 0.0741 0.2743 1.4408
0.900 5.98 6.97 0.9854 0.9524 0.0422 -0.0251 -0.0382 0.9314 2.0077 0.2627 -0.2543 2.1557
0.899 5.98 9.02 0.9848 0.9510 0.0211 -0.0140 -0.1048 0.9355 2.7363 0.4435 -0.7569 2.9251
0.903 -0.01 I.Ii 0.0000 0.0000 0.0548 -0.0356 -0.1887 0.0000 -0.1002 -0.0356 -0.1887 0.0049
0.900 0.02 1.55 1.0028 0.7876 0.0348 -0.0599 -0.0681 0.6041 0.1495 -0.0936 0.1072 0.2474
0.901 -0.01 2.01 0.9865 0.8149 0.0480 -0:0923 0.0913 0.7027 0.2844 -0.1307 0.2813 0.4047
0.902 0.00 2.98 0.9854 0.8945 0.0476 -0.0557 -0.0876 0.8321 0.6064 -0.1714 0.5020 0.7287
0.901 0.00 4.03 0.9857 0.9333 0.0528 -0.1205 0.2614 0.8918 0.9756 -0.1972 0.6794 1.0940
0.900 -0.03 5.03 0.9846 0.9522 0.0510 -0.1013 0.1318 0.9208 1.3320 -0.1267 0,3295 1.4465
0.900 -0.02 7.02 0.9856 0.9648 0,0334 -0.0730 -0.0045 0.9439 2.0506 -0.0036 -0.2311 2.1724
0.901 -0.01 9.00 0.9847 0.9652 0.0127 -0.0644 -0.0633 0.9495 2.7606 0.0970 -0.7093 2.9074
0.902 -6.03 I.II 0.0000 0.0000 0.0752 -0.0876 -0.1266 0.0000 -0.1206 -0.0876 -0.1266 0.0049
0.899 -5.99 2.01 0.9865 0.7512 0.0679 -0.1309 0.0979 0.6394 0.2597 -0.2088 0.2886 0.4062
0.899 -6.04 2.99 0.9854 0.8495 0.0650 -0.0994 -0.0562 0.7877 0.5788 -0.2891 0.5358 0.7348
0.902 -6.04 5.02 0.9849 0.9322 0.0687 -0.i450 0.1647 0.9006 1.2953 -0.3188 0.3624 1.4382
0.898 -6.02 6.94 0.9853 0.9562 0.0489 -0.1167 0.0347 0.9351 2.0161 -0.2717 -0.1765 2.1561
0.898 -6.01 9.04 0.9848 0.9606 0.0268 -0.1113 -0.0082 0.9451 2.7806 -0.2465 -0.6664 2.9420
0.801 -0.02 1.08 0.0000 0.0000 0.0510 -0.0358 -0.1562 0.0000 -0.0973 -0.0358 -0.1562 0.0056
0.799 -0.01 2.00 0.9858 0.8464 0.0448 -0.0839 0.0803 0.7558 0.3869 -0.1327 0.3218 0.5119
0.802 -0.01 2.96 0.9869 0.9150 0.0389 -0._ -0.1239 0.8644 0.7912 -0.1892 0.6246 0.9153
0.801 -0.04 5.02 0.9864 0.9625 0.0425 -0.0866 0.0919 0.9371 1.7120 -0.1195 0.3447 1.8269
0.800 -0.02 6.99 0.9852 0.9703 0.0286 -0.0554 -0.0369 0.9534 2.6094 0.0307 -0.3157 2.7370
0.800 -0.02 6.99 0.9859 0.9695 0.0290 -0.0565 -0.0373 0.9526 2.6132 0.0301 -0.3174 2.7432
0.601 5.98 1.04 0.0000 0.0000 0.0663 0.0033 -0.1289 0.0000 -0.1148 0.0033 -0.1289 0.0084
0.602 6.00 1.99 0.9859 0.8754 0.0559 -0.0252 0.0393 0.8209 0.7308 -0.0233 0.4633 0.8902
0.601 5.95 3.01 0.9859 0.9400 0.052i -0.0104 -0.0341 0.9109 1.5168 -0.1011 1.2826 1.6652
0.601 5.97 4.98 0.9862 0.9670 0.0498 -0.0137 0.0063 0.9519 3.0584 0.2555 0.4734 3.2129
0.599 5.98 7.01 0.9856 0.9639 0.0374 0.0!76 -0.1409 0.9540 4.6758 0.6750 -0.6481 4.9013
0.598 -0.03 1.04 0.00013 0.00(30 0.0428 -0.0310 -0.1406 0.0000 -0.0912 -0.0310 -0.1406 0.0084
0.603 0.03 1.54 1.0193 0.8703 0.0243 -0.0596 -0.0231 0.7836 0.4368 -0.1345 0.3672 0.5575
0.599 0.01 2.02 0.9874 0.8857 0.0434 -0.0835 0.ii00 0.8333 0.7693 -0.1704 0.5411 0.9233
0.599 -0.05 3.02 0.9858 0.9362 0.0407 -0.0648 0.0332 0.9074 1.5211 -0.3250 1.3541 1.6764
0.599 -0.01 4.03 0.9852 0.9630 0.0470 -0.09!6 0.1925 0.9434 2.3307 -0.2654 1.1365 2.4704
0.600 -0.03 4.96 0.9869 0.9731 0.0387 -0.0770 0.0671 0.9580 3.0742 -0.1409 0.5424 3.2089
0.600 -0.02 5.98 0.9858 0.9773 0.0356 -0.0534 -0.0139 0.9653 3.8925 -0.0049 -0.0276 4.0325
0.600 -0.02 7.04 0.9858 0.9757 0.0200 -0.0411 -0.0709 0.9659 4.7368 0.1170 -0.5896 4.9041
0.600 -6.02 1.04 0.0000 0.000(3 0.0659 -0.0744 -0.1225 0.00013 -0.1143 -0.0744 -0.1225 0.0084
0.599 -5.99 2.00 0.9859 0.8485 0.0639 -0.1309 0.1405 0.7954 0.7241 -0.3057 0.5697 0.9103
• 0.600 -6.03 3.02 0.9858 0.9026 0.0618 -0.1365 0.1660 0.8738 1.4672 -0.5624 1.4828 1.6792
0.601 -6,04 4.98 0.9863 0.9614 0.0547 -0.1268 0.1102 0.9464 3.0473 -0.5201 0.5747 3.2200
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Table 6. Internal and Aeropropulsive Characteristics for Nozzle 3
(a) Internal performance
NPR WP/WI FR/FI FJ/FI DELTAP CFJ CFN
1.53 1.0256 0.9044 0.9032 -3.02 0.1255 -0.0066
2.01 0.9881 0.9312 0.9304 -2.31 0.2142 -0.0086
2.48 0.9865 0.9626 0.9619 -2.24 0.3074 -0.0i20
2.98 0.9858 0.9742 0.9737 -1.85 0,4001 -0.0131
3.46 0.9870 0.9745 0.9720 -4.11 0.4949 -0,0355
3.96 0.9873 0.9805 0.9795 -2.59 0.5957 -0.0270
4.47 0.9865 0.9844 0.9843 -0.70 0.6981 -0.0086
4.99 0.9864 0.9817 0.9817 -0.07 0.8001 -0.0010
5.96 0.9873 0.9721 0.9706 -3.10 0.9836 -0.0533
























Wl:'/irl F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.0000 0.000(3 0.0501 -0.1691 0.3658 0.0000 -0.0983 -0.1691 0.3658 0.0085
0.9867 0.9019 0.0270 -0.0948 0.0331 0.8496 0.7840 -0.0389 0.1561 0.9228
0.9867 0.9549 0.0293 -0.0741 -0.0938 0.9266 1.5774 0.0439 0.0596 1.7025
0.9865 0.9664 0.0325 -0.0855 -0.0009 0.9515 3.0818 0.2435 -0.2592 3.2390
0.9863 0.9642 0.0196 -0.1778 0.7161 0.9544 4.6756 -0.0239 2.6153 4.8991
0.0000 0.0000 0.0736 -0.1981 0.2675 0.0000 -0.1219 -0.1981 0.2675 0.0086
1.0210 0.8449 0.0339 -0.1507 0.1077 0.7586 0.4249 -0.1769 0.2438 0.5601
0.9911 0.8908 0'0356 -0.1506 0.1021 0.8393 0.7866 -0.1849 0.2242 0.9372
0,9877 0.9480 0.0413 -0.1345 -0.0034 0.9192 1.5385 -0.1879 0.1409 1.6738
0.9861 0.9622 0.0444 -0.1210 -0.0720 0.9421 2.2708 -0.2291 0.3686 2.4103
0.9869 0.9683 0.0416 -0,1135 -0.1027 0.9532 3.0553 -0.1196 _3.3470 3.2052
0.9864 0.9583 0.0528 -0.2307 0.6178 0.9463 3.7949 -0.4442 1.7124 4.0104
0.9864 0.9575 0.0414 -0.2015 0.6152 0.9476 4.6329 -0.5436 2.5128 4.8888
0.0000 0.000(3 0.1450 -0.2739 0.4593 0.0000 -0.1934 -0.2739 0,4593 0.0085
0,9884 0.8184 0.0945 -0.2478 0.3910 0.7657 0.7022 -0.3711 0.5141 0.9171
0.9888 0.9108 0.0891 -0.2176 0.2103 0.8824 1.4996 -0.4459 0.3628 1.6995
0.9876 0.9482 0.0865 -0.2104 0.1978 0,9332 3.0069 -0.5479 -0.0474 3.2222
0.9868 0.9325 0.1007 -0.2922 0.8632 0.9226 4.5099 -1.1253 2.7509 4.8880
0.00(30 0.0000 0.2113 -0.1689 0.5238 0.0000 -0.2544 -0.1689 0.5238 0.0041
1.0277 -0.2144 0.1462 -0.0900 0.1743 -0.5459 -0.0711 -0.0964 0.2089 0.1302
0.9883 0.2950 0.1538 -0.1173 0.3110 0.1160 0.0280 -0.1261 0.3414 0.2412
0.9885 0.7222 0.1572 -0.0994 0.2193 0.6518 0.4000 -0.1269 0.3326 0.6138
0.9872 0.8370 0.1358 -0.1262 0.4299 0.7945 0.8087 -0.1808 0.7117 1.0178
0.9862 0.8808 0.1143 -0.0181 -0.0925 0.8506 1.2149 -0.1337 0.5723 1.4284
0.9864 0.9073 0.0803 0.1107 -0.7561 0,8839 1.6324 -0.0646 0.2852 1.8468
0.9860 0.9193 0.0517 0.2755 -1.6444 0,9004 2.0644 0.0364 -0.2060 2.2927
0.0000 0.0000 0.0889 -0.2144 0.3278 0.0000 -0.1341 -0.2144 0.3278 0.0048
0.9916 0.7858 0.0526 -0.1576 0.0958 0,6637 0.2456 -0.1713 O.1447 0.3701
0.9896 0.8816 0.0598 -0.1669 0.1684 0.8141 0.5448 -0.1885 0.2267 0.6692
0.9871 0.9364 0.0580 -O.1614 0.1186 0,9016 1.1710 -0.1618 0.0064 1.2988
0.9874 0.9387 0.0513 -O.2018 0.5605 0,9154 1.7704 -0.3366 1.3049 1,9341
0.9862 0.9508 0.0127 -0.0264 -0.3338 0.9335 2.4324 -0.2604 1.0268 2.6057
0.0000 0.0000 0.0577 -0.1895 0.3904 0.0000 -0.1033 -0.1895 0.3904 0.0050
0.9905 0.8454 0.0341 -0.I082 0.0050 0.7352 0.3041 -0.0832 0.0595 0.4136
0.9891 0.9184 0.0383 -0.1133 0.0218 0.8575 0.6415 -0.0614 0.0879 0.7481
0.9870 0.9493 0.0383 -0.1318 0.1616 0.9178 1.3275 0.0162 0.0385 1.4464
0.9870 0.9566 0.0239 -0.1631 0.5276 0.9357 2.0414 -0.0940 1.3671 2.1816
0.9865 0.9582 0.0037 0.0430 -0,5166 0.9427 2.7620 0.0742 1.0143 2.9300
0.0000 0.0000 0.0787 -0.2134 0.2974 0.0000 -0.1243 -0.2134 0.2974 0.0050
1.0219 0.7469 0.0389 -0.1546 0.0709 0.5586 0.1352 -0.1662 0.1319 0.2421
0.9919 0.8295 0.0415 -0.1633 0.1013 0.7210 0.3029 -0.1786 0.1557 0.4202
0.9890 0.9047 0.0493 -0.1727 0.1504 0.8431 0.6237 -0.1962 0.2133 0.7397
0.9885 0.9357 0.0463 -0.1566 0.0746 0.8940 0.9753 -0.2059 0.2761 1.0910
0.9862 0.9483 0.0485 -0.1517 0.0387 0.9168 1.3234 -0.1535 -0.0785 1.4435
0.9868 0.9482 0.0382 -0.1983 0.4944 0.9271 2.0003 -0.3481 1.3221 2.1577
0.9865 0.9553 -0.0003 -0.0043 -0.4884 0.9397 2.7464 -0.2666 1.0420 2.9226
0.0000 0.0000 0.1476 -0.2978 0.5280 0,0000 -0.1932 -0.2978 0.5280 0.0050
0.9919 0.6980 0.0919 -0.2308 0.2466 0.5884 0.2447 -0.2864 0.3012 0.4159
0.9885 0.8303 0.0995 -0.2435 0.2984 0.7694 0.5759 -0.3438 0.3632 0.7485
0,9867 0.9113 0.0931 -0.2284 0.2521 0.8797 1.2671 -0.3783 0.1364 1.4404
0.9867 0.9091 0.0965 -0.2749 0.7039 0.8882 1.9392 -0.6473 1.5479 2.1833
0.9862 0.9300 0.0317 -0.0765 -0.3444 0.9146 2.6964 -0.6351 1.2006 2.9483
0.0000 0.000(3 0.0789 -0,2036 0.2869 0.0000 -0.1254 -0.2036 0.2869 0.0057
0.9914 0.8483 0.0425 -0.1555 0.1052 0.7604 0.4021 -0.1750 0.1740 0.5288
0.9899 0.9221 0.0467 -0.1506 0.0720 0.8735 0.8356 -0.1817 0.1581 0.9565
0.9872 0.9557 0.0455 -0.1308 -0.0322 0.9299 1.6719 -0.1352 -0.1658 1.7980
0.9868 0.9507 0.0414 -0.1937 0.5247 0.9337 2.5424 -0.3827 1.5700 2.7229
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Table 7. Internal and AeropropuMve Characteristics for Nozzle 4
(a) Internal performance
M ALPHA NPR UP/UI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
0.000 0.06 1.48 1.0379 0.9270 0.9263 -2.21 0.1189 -0.0046 0.0230 0.1284
0.000 0.09 2.05 0.9887 0.9553 0.9548 -1.87 0.2274 -0.0074 0.0361 0.2381
0.000 0.12 2.49 0.9857 0.9763 0.9759 -1.71 0.3122 -0.0093 0.0430 0.3200
0.000 0.18 2.98 0.9853 0.9832 0.9824 -2.19 0.4054 -0.0155 0.0804 0.4127
0.000 0.16 3.46 0.9868 0.9864 0.9862 -i. O1 0.5006 -0.0089 0.0484 0.5076
0.000 0.27 3.97 0.9876 0.9846 0.9835 -2.68 0.5979 -0.0280 0.1586 0.6080
0.0OO 0.32 4.47 0.9865 0.9853 0.9843 -2.59 0.6969 -0.0315 0.1972 0.7081
0.000 0.31 4.99 0.9863 0.9840 0.9836 -1.71 0.7996 -0.0238 0.1734 0.8130
O.0OO 0.21 6.01 0.9876 0.9835 0.9834 0.66 1.0059 0.0117 0.0237 1.0229
0.000 0.03 6.97 0.9864 0.9792 0.9770 3.85 1.1921 0.0801 -0.1947 1.2202
(b) Aeropropulsive characteristics
M ALPHA NPR UPIWI F-DNIFI CDN CLCN : CMCN F-DIFI C(F-D) CL CM CFI
0.600 -0.03 1.02 0.000(3 0.00130 0.0531 '0'134! 0.1538 0.0000 -0.1016 -0.1341 0.1538 0.0085
0.599 0.03 1.50 1.0298 0.8865 0.0222 -0.0440 -0.2049 0.7952 0.4226 -0.0626 -0.1109 0.5315
0.602 -0.02 2.03 0.9845 0.9150 0.0398 -0.0593 -0.1548 0.8620 0.7895 -0.0882 -0.0147 0.9160
0.600 -0.03 3.03 0.9852 0.9572 0.0429 -0,0460 -0.2050 0.9282 1.5553 -0.1109 0.1294 1.6757
0.600 0.00 3.97 0.9846 0.9679 0.0444 -0.0454 -0.1906 0.9478 2.2856 -0.1569 0.4411 2.4115
0.601 -0.01 4.97 0.9863 0.9715 0.0387 -0.0398 -0.2204 0.9562 3.0533 -0.1348 0.4632 3.1930
0.602 -0.02 5.99 0.9853 0.9743 0.0464 -0.0150 -0.3242 0.9622 3.8500 0.0266 -0.2163 4.0014
0.599 -0.01 6.98 0.9855 0.9707 0.0348 -0.0578 -0.2891 0.9607 4.6744 0.2634 -1.0730 4.8658
1.199 -0.02 0.88 0.0000 0.00013 0.2211 -0.I055 0.4117 0.00130 -0.2644 -0.1055 0.4117 0.0041
1.199 0.01 1.49 1.0228 -0.3756 0.1693 0.OlOl -0.1329 -0.7118 -0.0918 0.0055 -0.1097 0.1290
1.200 0.00 2.02 0.9795 0.1840 0.1774 -0.0130 -0.0212 -0.0066 -0.0015 -O.0201 0.0139 0.2277
1.199 0.02 3.99 0.9867 0.6988 0.1739 0.0103 -0.1329 0.6276 0.3824 -O.0177 0.0269 0.6093
1.199 0.00 5.98 0.9859 0.8165 0.1702 0.0523 -0.3708 0.7734 0.7795 0.0628 -0.3428 1.0079
1.200 0.01 7.98 0.9861 0.8567 0.1607 0.0337 -0.4556 0.8262 1.1740 0.1854 -0.8780 1.4210
1.2OO 0.00 9.22 O.9871 0.8648 0.1614 0.0438 -0.7182 0,8390 1.4133 0.2831 -1.4217 1.6846
1.200 -0.01 9.20 0.9866 0.8702 0.1527 0.0425 -0.7173 0.8443 1.4169 0.2797 -1.4148 1.6782
O.951 0.00 1.07 0.0000 0.0000 0.0887 -0.1044 0.0931 0.0OOO -0.1341 -0.1044 0.0931 0.0048
0.950 0.01 2.00 0.9874 0.7582 0.0707 -0.0617 -0.1001 0.6320 0.2275 -0.0730 -0.0449 0.3599
0.951 -0.02 3.02 0.9881 0.8687 0.0740 -0.0701 -0.0251 0.8005 0.5331 -0.0957 0.1070 0.6659
0.952 0.00 5.04 0.9868 0.9324 0.0655 -0.0612 -0.0420 0.8974 1.1634 -0.0965 0.2220 1.2965
0.952 -0.01 6.98 0.9865 0.9471 0.0572 -0.0868 -0.1201 0.9235 1.7766 0.0397 -0.4289 1.9238
0.951 0.00 9.02 0.9879 0.9438 0.0454 -0.0946 -0.5831 0.9264 2.4216 0.2632 -1.6286 2.6141
0.899 0.00 1.05 0.0OOO 0.0000 0.0635 -0.1310 0.1453 0.000(3 -0.1094 -0.1310 0.1453 0.0050
0.899 -0.01 1.50 1.0217 0.7700 0.0388 -0.0486 -0.2285 0.5749 0.1351 -0.0570 -0.1867 0.2350
0.903 -0.01 2.01 O.9871 0.8411 0.0462 -0.0615 20.i637 0.7276 0.2939 -0.0742 -0.1020 0.4039
O.901 -0.01 3.01 0.9874 0.9149 0.0485 -0.0749 -0.0677 0.8530 0.6310 -0.1031 0.0786 0.7398
O.901 0.01 4.03 0.9868 0.9469 0.0406 -0.0399 -0.2533 0.9048 0.9864 -0,0885 0.0273 1.0902
0.902 0.00 4.99 0.9860 0.9546 0.0418 -0.0445 -0.2009 0.9225 1.3170 -0.0863 0.1038 1.4277
0.900 0.01 6.98 0.9862 0.9606 0.0355 -0.0714 -0.3205 0.9393 2.0211 0.0708 -0.6661 2.1517
0.899 0.02 8.99 0.9858 0.9521 0.0324 -0.0642 -0.7465 0.9363 2.7209 0.3330 -1.9043 2.9059
0.802 0.01 1.03 0.0000 0.0000 0.064i 20.1268 O.1599 0.0000 -0.1108 -0.1268 0.1599 0.0057
0.799 -0.01 2,05 0.9880 0.8670 0.0468 -0.0506 -0.1707 0.7786 0.4118 -0.0672 -0.0904 0.5289
0.799 0.00 3.03 0.9875 0.9366 0.0417 -0.0550 -O.1133 0.8873 0.8411 -0.0912 0.0758 0,9479
O.801 0.01 4.97 0.9861 0.9629 0.0376 -0.0273 -0.2265 0.9370 1.6895 -0.0802 0.1594 1.8031
0.801 -0.01 7.02 0.9865 0.9659 0.0290 -0.0607 -0.3766 0.9489 2.6014 0.1250 -0.8352 2.7415
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Table 8. Internal and Aeropropulsive Characteristics for Nozzle 5
(a) Internal performance
N ALPFIA NPR _P/gI FR/FI FJ/FI
0.000 0.I0 1.51 1.0274 0.8906 0.8809
0.000 0.ii 2.01 0.9838 0.9243 0.9210
0.000 0.15 2.49 0.9803 0.9570 0.9545
0.000 0.18 2.98 0.9792 0.9715 0.9698
0.000 0.30 3.47 0.9803 0.9753 0.9717
0.000 0.27 3.98 0.9812 0.9773 0,9758
0.000 0.40 4.49 0.9817 0.9743 0.9707
0.000 0.56 4.99 0.9841 0.9695 0.9631
0.000 0.90 6.01 0.9875 0.9736 0.9588
0.000 0.90 6.99 0.9893 0.9722 0.9625
DELTAP CFJ CFN CMJ CFI
-8.46 0.1198 -0.0178 0.0960 0.1360
-4.90 0.2113 -0.0181 0.0833 0.2295
-4.13 0.3048 -0.0220 0.0932 0.3193
-3.39 0.3991 -0.0236 0.0922 0.4115
-4.96 0.4930 -0.0428 0.1908 0.5074
-3.19 0.5929 -0:0330 0.1324 0.6076
-4.97 0.6880 -0.0598 0.2629 0.7088
-6.61 0.7824 -0.0906 0.4219 0.8124
-I0.00 0.9815 -0,1730 0.7612 1.0237
-8.10 1.1842 -0.1685 0.7396 1.2303
(b) Aeropropulsive characteristics
M ALPHA NPR WP/WI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) eL CM CFI
1.200 -0.02 1.50 1.0039 -0.4329 0.1718 -0.1209 0.4770 -0.7677 -0.0987 -0.1386 0.5726 0.1286
1.202 -0.01 2.02 0.9755 0.0747 0.1932 -0.1740 0.7365 -0.1158 -0.0262 -0.1920 0.8189 0.2261
1.200 -0.03 3.99 0.9843 0.6548 0.1928 -0.2065 0.9234 0.5837 0.3539 -0.2397 1.0551 0.6063
1.200 -0.03 6.01 0.9846 0.8017 0.1621 -0.1110 0.5632 0,7592 0.7698 -0.2836 1.3197 1.0140
1.201 -0.03 8.04 0.9882 0.8676 0.1414 -0.0084 0.0398 0.8376 1.2028 -0.1713 0.7489 1.4361
1.204 -0.04 10.06 0.9897 0.8998 0.1199 0.1157 -0.4985 0,8766 1.6294 -0.0378 0.1616 1.8588
1.201 -0.01 12.05 0.9924 0.9152 0.1006 0.2080 -0.9572 0.8964 2.0636 0.0638 -0.3396 2.3021
0.949 -0.04 1.06 0.000(3 0.0000 0.0949 -0.1964 0.4684 0.0000 -0.1401 -0.1964 0.4684 0.0046
0.955 -0.01 1.99 0.9829 0.7043 0.0760 -0.2126 0.7310 0.5761 0.2025 -0.2410 0.8626 0.3515
0.949 -0.04 2.98 0.9831 0.8432 0.0804 -0.2031 0.4974 0.7742 0.5067 -0.2410 0.6435 0.6544
0.950 -0.05 5.01 0.9856 0.9040 0.0745 -0.1984 0.6109 0.8691 1.1250 -0.3448 1.2898 1.2945
0.949 -0.05 7.02 0.9896 0.9265 0.0702 -0.1876 0.7575 0,9035 1.7710 -0.4565 1.9296 1.9602
0.951 -0.05 9.01 0.9926 0.9473 0.0390 -0.0397 -0.0444 0.9302 2.4416 -0.2930 1.0498 2.6250
0.900 -0.02 1.04 0.0000 0.0000 0.0711 -0.1946 0.3494 0.0000 -0.1166 -0.1946 0.3494 0.0049
0.900 -0.03 1.53 1.0037 0.7233 0.0422 -0.1745 0.2883 0.5331 0.1275 -0.2060 0.4571 0.2392
0.899 -0.01 2.00 0.9849 0,7793 0.0563 -0.2275 0.5965 0.6658 0.2672 -0.2595 0.7442 0.4013
0.900 -0.05 3.02 0.9843 0.8823 0.0618 -0.1998 0.3796 0.8210 0.6090 -0.2426 0.5448 0.7418
0.898 -0.02 3.99 0.9843 0.9144 0.0632 -0.2218 0.5187 0.8723 0.9442 -0.2807 0.7538 1.0824
0.900 -0.03 5.01 0.9850 0.9233 0.0559 -0.2021 0.5039 0.8918 1.2852 -0.3647 1.2601 1.4412
0.900 -0.04 7.03 0.9899 0.9399 0.0486 -0.1642 0.5945 0.9191 2.0105 -0.4626 1.8984 2.1874
0.901 -0.04 9.03 0.9942 0.9552 0.0157 0.0026 -0.3155 0.9398 2.7638 -0.2798 0.9048 2.9409
0.800 -0.02 1.03 0.0000 0.0000 0.0715 -0.1860 0.3479 0.0000 -0.1179 -0.1860 0.3479 0.0056
0.801 0.00 2.01 0.9816 0.8132 0.0561 -0.1982 0.3930 0.7222 0.3682 -0.2385 0.5784 0.5098
0.800 -0.03 2.99 0.9879 0.9016 0.0559 -0.1979 0.3742 0.8518 0,7935 -0.2513 0.5799 0.9315
0.801 -0.02 5.01 0.9886 0.9276 0.0566 -0.2050 0.5479 0.9022 1.6452 -0.4090 1.4973 1.8236
0.800 -0.05 7.00 0.9917 0.9435 0.0461 -0.1419 0.5497 0.9267 2.5570 -0.5205 2.2022 2.7592
0.602 -0.01 1.01 0,0000 0.0000 0.0716 -0.1869 0.3494 0.00130 -0.1202 -0.1869 0.3494 0.0083
0.600 0.00 1.50 1,0290 0.7987 0.0436 -0.1742 0.2985 0.7066 0.3724 -0.2447 0.6807 0.5270
0.600 -0.03 1.99 0.9854 0.8510 0.0607 -0.1845 0.3238 0.7970 0.7153 -0.2566 0.6559 0.8974
0.600 -0.01 3.00 0.9878 0.9242 0.0626 -0.2014 0.3545 0.8950 1.4868 -0.2959 0.7204 1.66!2
0.600 -0.01 3.99 0.9887 0.9399 0.0696 -0.2078 0.3779 0.9199 2.2389 -0.3392 0.9041 2.4337
0.599 -0.05 4.98 0.9906 0.9370 0.0648 -0.2201 0,6104 0.9220 2.9960 -0.5814 2.2786 3.2493
0.598 -0.06 5.98 0.9929 0.9359 0.0708 -0.1787 0,8140 0.9240 3.7799 -0.8645 3.8166 4.0906



































Internal and Aeropropulsive Characteristics for Nozzle 6
(a) Internal performance
VP/VI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
1.0193 0,9473 0.9449 -4.10 0.1289 -0.0092 0.0452 0.1364
0.9841 0.9558 0.9543 -3,27 0.2220 -0.0127 0.0593 0.2326
0.9830 0.9704 0.9689 -3.19 0.3189 -0.0178 0.0804 0.3291
0.9842 0.9727 0.9716 -2.71 0.4074 -0.0193 0.0908 0.4194
0.9855 0.9733 0.9722 -2.64 0.4976 -0.0229 0.1131 0.5119
0.9855 0.9728 0.9719 -2.47 0.5916 -0.0255 0.1324 0.6087
0.9855 0.9713 0.9595 -3.49 0.6867 -O.0419 0.2242 0.7083
0.9861 0.9681 0.9660 -3.74 0.7845 -0.0513 0.2904 0.8121
0.9880 0.9643 0.9612 -4.59 0.9926 -0.0796 0.4749 1.0326
0.9880 0.9650 0.9645 -1.91 1.1838 -0.0396 0.3005 1.2275
(b) Aeropropulsive characteristics
M ALPHA NPR vPIVI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.599 0.01 1.Of 0.OOOO 0.OOOO 0.0637 -0.1691 0.3035 0.0OOO -0.Ii17 -0.1691 0.3035 O.0084
0.598 -O.01 1.53 1,0175 0.8815 0.0347 -0.0958 -0.0105 0.7941 0.4383 -O.1329 0.1710 0.5519
0.599 -0.01 1.96 0.9842 0.9080 0.0390 -0.1032 0.0032 0.8532 0.7506 -0.1522 0.2323 0,8798
0.600 -0.01 2.98 0.9852 0.9439 0.0437 -0.0954 -0.0624 0.9147 1.5090 -O.1718 0.2942 1.6498
0.600 -0.02 3.97 0.9846 0.9501 0.0549 -0.I127 0.0470 0.9301 2.2455 -O.2145 0.5727 2.4142
0.599 0.OO 4.99 0.9863 0.9471 0.0604 20_1572 0.3489 0.9322 3.0236 -0.3631 1.5142 3.2436
0.599 -0.02 6.04 0.9868 0.9484 0.0574 -0.0874 0.0542 0.9366 3.8446 -0.4054 1.9433 4.1049
0.599 -0.05 7.03 0.9870 0.9550 0.0516 -0.0895 0.0705 0.9452 4.6658 -0.2416 1.2268 4.9360
1.200 -0.03 0.85 0.0000 0.0000 0.2381 -0.1601 0.5718 0.O(X)O -0.2812 -0.1601 0.5718 0.0040
1.200 0.01 1.52 1.0138 -0.3683 0.1774 -0.0706 0.1732 -0.6887 -0.0927 -0.0798 0.2181 0.1346
1.198 -0.01 1.97 0.9805 0.0953 0.1891 '0.0970 0.2809 -0.1013 -0.0223 -0.1093 0.3383 0.2197
1.201 -0.02 4.01 0.9864 0.6744 0.1815 20.1221 0.4721 0.6038 0.3696 -0.1478 0.6051 0.6120
1.201 -0.02 6.05 0.9859 0.8107 0.1560 0.0040 -0.1431 0.7684 0.7859 -0.0746 0.3248 1.0227
1.2OO 0.O1 7.98 O,9871 0.8575 0.1552 0.0395 -0.3250 0.8272 1.1811 0.0432 -0.2132 1.4278
1.203 0.00 10.02 0.9863 0.8754 0.1655 0.1090 -0.7107 0.8521 1,5769 0.1989 -0.9761 1.8507
1.202 0.03 11.66 0.9901 0.8723 O.1893 0.1716 -0.9539 0.8528 1.8875 0.3321 -1.5227 2.2133
0.951 O.00 1.05 0.0000 0.0000 0.1032 -0.1740 0.3169 0.0000 -0.1483 -0.1740 0.3169 0.0047
0.952 0.00 2.02 0.9882 0.7410 0.0767 -0.1229 0.1076 0.6184 0.2276 -0.1429 0.2011 0.3680
0.953 0.00 3.01 0.9878 0.8436 0.0826 '0.1344 0.1762 0.7756 0.5152 -0.1648 0.3195 0.6642
0.948 0.01 4.99 0.9859 0.9055 0.0785 -0.1516 0.3235 0.8706 1.1277 -0.2336 0.7889 1.2954
0.952 -0.01 7.00 0.9868 0.9268 0.0753 -0.1038 0.1556 0.9036 1.7563 -0.1647 0.6212 1.9436
0.950 -0.01 9.06 0.9870 0.9421 0.0623 -0.0448 -0.2239 0.9250 2.4434 0.0336 -0.3663 2.6416
0.903 0.00 1.03 0.00013 0.01300 0.0768 -0.1912 0.3217 0.00(30 -0.1223 -0.1912 0.3217 0.0050
0.901 0.02 1.50 1.0139 0.7628 0.0444 -0.1089 -0.0258 0.5659 0.1309 -0.1248 0.0528 0.2314
0.903 0.00 2.03 0.9905 0.8347 0.0463 -O.1243 0.0459 0.7238 0.2974 -0.1466 0.1499 0.4109
0.901 -0.01 3.03 0.9868 0.8973 0.0536 -0.1238 0.0601 0.8364 0.6253 -0.1582 0.2216 0,7476
0.901 O.Ol 4.00 0.9869 0.9226 0.0521 -0.1234 0.0689 0.8806 0.9568 -0.1685 0.3049 1.0864
0.898 O.00 4.96 0.9854 0.9292 0.0538 -0.1337 0.2093 0.8974 1.2852 -0.2238 0.7194 1.4322
0.901 -O.05 6.98 0.9865 0.9445 0.0463 -0.0860 0.0146 0.9234 1.9951 -0.1570 0.5414 2.1606
0.899 O.01 9.04 0.9867 0.9521 O.0406 -0.0146 -0.4265 0.9366 2.7541 0.0723 -0.5778 2.9405
0.801 0.02 1.01 0.0000 0.0000 0.0753 -0.1780 0.3162 0.0000 -0.1218 -0.1780 0.3162 0.0057
0.799 -0.01 2.02 0.9871 0.8572 0.0487 -0.1110 0.0271 0.7680 0.4001 -0.1394 0.1597 0.5210
0.800 -0.02 3.03 0.9869 0.9175 0.0487 -0.0991 -0.0271 0.8685 0.8229 -0.1428 0.1775 0.9475
0.800 0.00 5.01 0.9869 0.9347 0.0553 -0.1243 0.2263 0.9093 1.6623 -0.2407 0.8871 1.8280
0.800 -0.04 7.03 0.9867 0.9478 0.0495 -0.0730 0.0187 0,9310 2.5724 -0.1585 0.6678 2.7631
63
Table 10. Internal and Aeropropulsive Characteristics for Nozzle 7
(a) Internal performance
M ALPHA N'PR EP/UI FR/FI FJ/FI
0.OOO 0.07 1.45 1.0548 0.8988 0.8940
0.000 0.08 2.02 0.9873 0.9339 0.9325
0.O00 0.Ii 2.49 0.9862 0.9553 0.9542
0.O00 0.17 2.97 0.9857 0.9695 0.9680
0.000 0.12 3.46 0.9861 0.9844 0.9843
0.000 0.28 3.97 0.9867 0.9798 0.9784
0.000 0.42 4.48 0.9859 0.9806 0.9768
0.000 0.50 5.00 0.9862 0.9802 0.9761
0.000 0,53 6.04 0.9868 0.9815 0.9791
0.000 0.47 6.99 0.9856 0.9838 0.9830
DELTAP CFJ CFN CMJ CFI
-5.94 0. II00 -0.0115 0.0643 0.1230
-3.20 0.2155 -0.0120 0.0556 0.2311
-2.82 0.3037 -O.0150 0.0672 0.3183
-3.18 0.3965 -0.0221 0.1023 0.4096
-0.34 0.4968 -0.0030 -0.0116 0.5047
-3.10 0.5916 -0.0321 0.1437 0.6047
-5.01 0.6893 -0.0604 0.2875 0.7057
-5.25 0.7914 -0.0727 0.3590 0.8108
-4.03 1.0024 -0.0706 0.3617 1.0238
-2.36 1.1976 -0.0494 0.2653 1.2183
(b) Aeropropulsive characteristics
M ALPHA NPR _rpll,/I F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
1.200 -0.03 0.93 0.0OO0 0.000(3 0.2175 -0.1053 0.4077 0.0000 -0.2609 -0.1053 0.4077 0.0040
1.201 0.03 1.52 1.OO56 -0.4008 0.1751 -0.0674 0.2471 -0.7288 -0.0965 -0.0788 0.3098 0.1324
1.201 0.00 2.03 0.9776 0.0811 0.1968 -0.i158 0.4693 -0.I090 -0.0249 -0.1277 0.5242 0.2286
1.201 -0.02 4.04 0.9873 0.6634 0.1929 -0.1494 0.6531 0.5925 0.3634 -0.1822 0.8105 0.6133
1.200 -0.04 5.99 0.9855 0.8089 0.1721 -0.0719 0.2623 0.7656 0.7691 -0.1427 0.6210 1.0046
1.202 -0.02 7.97 0.9842 0.8726 0.1576 -0.0299 0.0573 0.8417 1.1828 -0.0575 0.2208 1.4053
1.210 0.00 I0.01 0.9855 0.9021 0.1422 0.0591 -0.4088 0.8781 1.5890 0.0766 -0.4490 1.8097
1.200 -0.02 I0.00 0.9858 0.9011 0.1459 0.0626 -0.4189 0.8774 1.6137 0.0798 -0.4595 1.8392
1.201 0.00 12.04 0.9849 0.9120 0.1469 0.1361 -0.8103 0.8928 2.0267 0.1992 -1.0564 2.2701
1.200 0.04 12.00 0.9852 0.9065 0.1585 0.1354 -0.7994 0.8872 2.0098 0.1990 -1.0413 2.2653
0.951 0.02 1.07 0.0(300 O.0OOO 0.0944 -0.1404 0.2821 0.0000 -O.1400 -0.1404 0.2821 0.0047
0.953 -0.02 2.01 0.9920 O.7159 0.0765 -O.1337 0.3051 0.5900 0.2132 -O.1527 0.3927 0.3614
0.949 -0.02 3.01 0.9893 0.8409 0.0831 -O.1517 0.3049 0.7724 0.5139 -O,1873 0.4662 0.6654
0.953 0.00 4.99 0.9856 0.9143 0.0794 -O.1464 0.4109 0.8785 1.1176 -0.2600 0.9723 1.2721
0.951 -0.01 6.98 0.9862 0.9468 0.0684 -0.1411 0.3715 0.9232 1.7755 -0.2201 0.7929 1.9233
0.949 -0.02 9.00 0.9858 0.9675 0.0382 -0.0497 -0.1617 0.9500 2.4706 -0.0576 -0.0647 2.6007
0.902 -0.02 1.O6 0.000(3 0.0000 0.0682 -0.1449 O.1787 0.(3000 -0.1142 -0.1449 0.1787 0.0050
0,900 0.05 1.50 1.O186 0.7230 0.0438 -0.I191 0.0922 0.5234 0.1205 -0.1393 0.2042 0.2302
0.900 0.04 2.01 0.9867 0.7880 0.0581 -O.1400 0.1799 0.6738 O.2713 -0.1609 0.2783 0.4027
0,899 -0.02 2.96 0.9875 0.8775 0,0642 -0.14B7 0.2121 0.8139 0.5879 -0.1875 0.3877 0.7224
0.901 0.01 3.99 0.9878 0.9313 0.0493 -O.0891 -0.1068 0.8885 0.9536 -0.1460 0.1501 1.0732
0.899 -0.01 4.99 0.9872 0.9356 0.0567 -0.1495 0.2978 0.9035 i._931 -0.2777 0.9289 1.4312
0.899 -0.05 7.03 0.9867 0.9619 0.0436 -0.1296 0.2114 0.9407 2.0429 -0.2171 0.6725 2.1717
0.898 -0.02 9.00 0.9859 0.9767 0.0154 -0.0192 -0.3853 0.9609 2.7943 -0.0279 -0.2771 2.9080
0.800 -0.03 1.03 0.0000 0.0000 0.0670 -0.1371 0.1822 0.00(30 -0.1139 -0.1371 0.1822 0.0057
0.801 0.01 2.00 0.9887 0.8164 0.0574 -0.1266 0.1564 0.7237 0.3657 -0.1531 0.2811 0.5054
0.800 0.00 2.98 0.9881 0.8993 0.0616 -0.1196 0.1209 0.8484 0.7818 -0.1687 0.3446 0.9215
0.801 -0.02 4.98 0.9866 0.9436 0.0577 -0.1365 0.2840 0.9176 1.6479 -0.2971 1.0730 1.7960
0.800 -0.04 7.00 0.9869 0.9651 0.0452 -0.1082 0.1638 0.9479 2.5851 -0.2202 0.7550 2.7271
0.602 -0.02 1.02 0.00(30 0.0000 0.0659 -0.1319 0.1961 0.0000 -0.I150 -0.1319 0.1961 0.0084
0.601 0.01 1.48 1.0413 0.8014 0.0489 -0. I149 0.1385 0.7048 0.3574 -0.1604 0.3908 0.5072
0.601 0.01 2.04 0.9905 0.8574 0.0672 -0.1203 0.1621 0.8045 0.7464 -0.1678 0.3816 0.9277
0.601 0.OO 3.04 0.9875 0.9286 0.0660 -O.I171 0.1479 0.8994 1.5080 -0.2066 0.5549 1.6767
0.601 -O.O1 3.96 0.9867 0.9502 0.0671 -O.1048 0.1035 0,9297 2.2212 -0.2324 0.6763 2.3891
0.600 -0.02 4.96 O.9871 0.9559 0.0623 -0.1270 0.3075 0.9405 2.9984 -O.4107 1,7Oll 3.1881
0.601 -0.02 6.01 0.9866 0.9654 0.0552 -0.0923 0.1744 0.9533 3.8372 -0.3757 1.6191 4.0253

































































































NPR VP/VI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
1.51 1.0286 0.8707 0.8700 -2.30 0.1184 -0.0048 0.0435 0.1361
2.01 0.9875 0.8719 0.8705 -3.25 0.2005 -0.0114 0.0770 0.2303
2.49 0.9858 0.9097 0.9077- -3.79 0.2910 -0.0193 0.1204 0.3206
2.98 0.9853 0.9330 0.9312 -3.52 0.3854 -0.0237 0.1458 0.4138
3.45 0.9865 0.9444 0.9384 -6.47 0.4751 -0.0539 0.3081 0.5064
3.97 0.9865 0.9570 0.9541 -4.49 0.5795 -0.0455 0.2727 0.6074
4.47 0.9856 0.9610 0.9577 -4.71 0.6767 -0.0557 0.3337 0.7066
4.98 0.9856 0.9613" 0.96560 -6.04 0.7750 -0.0820 0.4744 0.8106
5.96 0.9858 0.9677 O,960_Y -7.26 0.9707 -0.1236 0.6553 1.0112













































































































CDN C[X_ CMCN F-D/FI C(F-D) CL CM CFI
0.0544 -0,13U9 0.1506 0.0000 -0.I027 -0.1309 0.1506 0.0086
0.0308 -0.1325 0,1306 0.7266 0.3871 -0.1514 0.2994 0.5328
0.0403 -0.132_ 0.0975 0.7758 0.7054 -0.1797 0.4057 0.9093
0.0520 -0.1476 0.1774 0.8733 1.4721 -0.2466 0.7807 1.6857
0.0606 -0. 164_ 0,25_8 0.9115 2.2294 -0.3490 1.3582 2.4459
0.0565 -0.19Z6 0.4718 0.9235 2.9729 -O.5187 2.3530 3.2190
0.0531 -0.1289 - 0.4238 0.9361 3.7698 -0.6243 3.0448 4.0269
0.0418 -0.09_3 0.2515 0.9496 4.6266 -0.4665 2.3441 4.8719
0.0655 -0.13I_--- 0.1359 0.000(3 -0.1119 -0.1316 0.1359 0.0057
0.0419 -0.1289 0.0921 0.6956 0.3473 -0.1532 0.2608 0.4993
0.0467 -0.1465 0.1625 0.8317 0.7727 -O.1999 0.4903 0.9291
0.0466 -0.1695 0.4001 0.9057 1.6555 -0.3561 1.4769 1.8278
0.0380 -0.i053-- 0.2473 0.9371 2.5559 -0.3165 1.4286 2.7274
0.2137 -0._ 0.3499 0.0000 -0.2571 -0.0982 0.3499 0.0040
0.1598 -0.0297 0.0465 -0.6579 -0.0860 -0.0345 0.0890 0.1308
0.1764 -0.0998 0.3636 -0.1209 -0.0266 -0.1106 0.4384 0.2200
0.1765 -0.1292 0.5338 0.5840 0.3474 -0.1737 0.7992 0.5948
0.1499 -0.0278 0.1468 0.7726 0.7897 -0.1546 0.7844 1.0221
0.1391 0.0309 -0.1990 0.8424 1.1956 -0.0316 0.1973 1.4193
0.128_ o.[or5 ....20.5902 0.8783 1.6075 0.0977 -0.4386 1.8303
0.1198 0.1520 .....-0.9087 0.8983 2.0397 0.2099 -I.0136 2.2707
0.0855 -0.1318 0.2218 0.0000 -0.1309 -0.1318 0.2218 0.0048
0.0552 -0.1308 0.1956 0.5932 0.2149 -O.1485 0.3180 0.3623
0.0680 -0.1462 0.2702 0.7627 0.5102 -0.1856 0.5101 0.6689
0.0645 -0.1565 0.4358 0.8721 1.1400 -0.2911 1.2109 1.3072
0.0581 -0.1299 0.4475 0.9141 1.7672 -0.2778 1.2788 1.9333
0,0385 -0.0406 -0.1046 0.9402 2.4387 -0.0947 0.3357 2.5938
0.0672 -0.13_ - 0.1305 0.000(3 -0.1130 -0.1340 0.1305 0.0050
0.0388 -0.1250 0.1017 0.5333 0.1305 -0.1342 0.1801 0.2448
0.040_ -0.1336 0.1217 0.6609 0.2719 -0.1539 0.2611 0.4114
0.0492 -0.1489 0.1834 0.8021 0.5903 -0.1918 0.4447 0.7360
0.0527 -0.1645 0.3120 0.8638 0.9333 -0.2462 0.8001 1.0805
0.0493 -0.1612 0.3674 0.8908 1.2820 -0,3086 1.2178 1.4392
0.0407 -0,1151 0.2855 0.9273 2.0129 -0.2786 1.2112 2.1707





































Table 12. Internal and Aeropropulsive Characteristics for Nozzle 9
(a) Internal performance





















1.53 1.0076 0.9656 0.9644 -2.94 O.1291 -0.0066
2.02 0.9734 0.9740 0.9730 -2.53 0.2165 -0.0096
2.53 0.9745 0.9856 0.9849 -2.25 0.3091 -0.0121
3.01 0.9737 0.9867 0.9862 -1.75 0.3968 -0.0121
3.47 0.9756 0.9835 0.9822 -2.92 0.4809 -0.0245
3.97 0.9755 0.9802 0.9761 -5.25 0.5710 -0.0525
4.47 0.9756 0.9801 0.9749 -5.88 0.6626 -0.0682
4.97 0.9759 0.9784 0.9745 -5.12 0.7573 -0.0678
6.04 0.9779 0.9777 0.9768 -2.36 0.9665 -0.0398
6.96 0.9781 0.9780 0.9780 -0.03 1.1478 -0.0006
ALPHA NPR WP/_/I F-DN/FI
0.01 1.01 0.0000 0.0000
0.02 1.52 1.0010 0.9112
0.02 2.02 0.9717 0.9308
0.00 3.02 0.9733 0.9602
0.01 4.04 0.9729 0.9555
-0.01 4.96 0.9748 0.9602
-0.02 5.98 0.9749 0.9677
-0.01 7:03 0.9756 0.9726
-0.02 0.88 0.0003 0.0000
-0.02 1.51 0.9955 -0.4843
0.00 2.00 0,9692 0.0928
0.02 3.95 0.9729 0.6605
0.02 5.98 0.9741 0.8051
0.00 8.04 0.9735 0.8544
0.00 9.98 0.9749 0.8715
0.05 11.04 0.9752 0.8840
-0.01 1.07 0.0000 0.0000
0.01 2.00 0.9747 0.7794
0.03 2.97 0.9754 0.8678
-0.01 5.01 0.9740 0.9185
-0.02 7.00 0.9755 0.9438
0.01 9.01 0.9753 0.9505
0.01 1.04 0.0000 0.000(3
0.01 1.50 0.9700 0.7869
0.02 2.01 0.9770 0.8546
-0.01 3.00 0.9745 0.9149
-0.02 4.00 0.9737 0.9353
0.00 5.02 0.9737 0.9416
-0.03 6.98 0.9753 0.9586
0.01 9.00 0.9759 0.9596
0.01 1.03 0.0000 0.0000
0.01 1.99 0.9755 0.8774
-0.01 2.99 0.9760 0.9303
0.00 5.01 0.9742 0.9500




















0.0359 -0. 0680 -0. 1421
0.2341 -0. 1782 O. 6837
0.1837 -0.0793 0.2273
0.1912 -0.0977 0.3061
0.1830 -0. 0909 0. 2843
0.1704 -0.0285 -0.0081
0.1740 -0. 0002 -0.1704






0.0683 -0.1302 O. 1773
0.0668 -0.0888 -0.1525
0.0684 -0.1938 0.3407
0.0482 -0. 1132 -0.0065
0.0446 -0. 1226 0.0440
0.0500 -0.1244 0. 0455
0.0438 -O. 1113 -0.0009
0.0488 -0. 1197 0.1026
0.0455 -0.0981 -0.0134
0.0473 -0.0590 -0.3218















F-D/FI C(F-D) CL CM CFI
0.0000 -0.1038 -0.1773 0.3307 0.0085
0.8188 0.4262 -0.1310 0.1260 0.5206
0.8760 0.77!1 -0.1484 0.1958 0.8802
0.9334 1.7056 -0.1853 0.2726 1.8273
0.9351 2.2161 -0.3545 1.2790 2.3699
0.9445 2.9108 -0.3816 1.5438 3.0817
0.9552 3.7035 -0.2624 1.0110 3.8772
0.9624 4.5321 -0.0587 0.0795 4.7093
0.0000 -0.2771 -0.1782 0.6837 0.0040
-0.8284 -0.1037 -0.0857 0.2613 0.1252
-0.1066 -0.0231 -O.1071 0.3480 0.2163
0.5855 0.3366 -0.1418 0.5407 0.5749
0.7605 0.7363 -0.0700 0.2407 0.9682
0.8229 1.1293 0.0450 -0.3049 1.3724
0.8471 1.5005 0.1829 -0.9792 1.7713
0.862i 1.6992 0.2533 -1.3681 1.9711
0.000(3 -0.1365 -0.1764 0.3235 0.0047
0.6483 0.2233 -0.i439 0.i645 0.3444
0.7959 0.4995 -0.1560 0.2167 0.6277
0,_82T 1.0943 -0.2469 0.8101 1.2406
0.9195 1.7136 -0.1290 0.2754 1.8636
0.9325 2.336i 0.0487 -0.6565 2.5052
0.0000 -O.1140 -0.1938 0.3407 0.0050
0.5755 0.1241 -0.1245 0.0539 0.2156
0.7375 0.2870 -0.1392 0.1186 0.3892
0.8505 0.6023 -0.1454 0.1281 0.7082
0.8913 0.9253 -0.2058 0.4728 1.0381
0.9086 i.2565 -0.2369 0.7371 1.3829
0.9366 1.936i -0.0983 0.0999 2.0673
0.9433 2.6308 0.0938 -0.8810 2.7890
0.0000 -0.1132 -0.1821 0.3405 0.0057
0.7810 0.3763 -0.1329 0.1209 0.4819
0.8783 0.7845 -O.1414 0.1533 0.8933
0.9234 1.6i42 -0.2512 0.8749 1.7481














Internal and Aeropropulsive Characteristics for Nozzle 10
(a) Internal performance
VP/UI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
1.0334 0.9059 0.9029 -4.65 0.1197 -0.0097 0.0501 0.1326
0.9880 0.9330 0.9319 -2.78 0.2143 -0.0104 0.0475 0.2300
0.9875 0.9619 0.9610 -2.46 0.3116 -0.0134 0.0601 0.3242
0.9869 0.9729 0.971_ -3'36 0.4107 -0.0241 0.1039 0.4229
0.9878 0.9805 0.9805 -0.41 0.5074 -0.0036 0.0051 0.5175
0.9880 0.9784 0.9773 -2.69 0.6000 -0.0282 0.1204 0.6140
0.9870 0.9773 0_97_6 -4.26 0.6945 -0.0518 0.2443 0.7126
0.9867 0.9766 0.9732 -4.78 0.7931 -0.0663 0.3290 0.8149
0.9877 0.9769 0.9738 -4.53 1.0014 -0.0793 O.4154 1.0282
0.9859 0.9804 0.9797 -2.21 1.2084 -0.0466 0.2899 1.2335
(b) Aeropropulsive characteristics
M ALPHA NPR VP/VI F-DN/FI
1.199 -0.01 0.78 0.0OO0 0.0000
1.201 -0.01 1.51 1.0111 -0.6501
1.199 0.OO 1.99 0.9754 -0.0920
1.199 -0.03 3.99 0.9862 0.6063
1.200 -0.01 5.99 0.9844 0.7791
1.200 -0.02 8.OO 0.9860 0.8494
1.199 0.00 i0.OO 0.9851 0.8784
1.200 0.01 12.00 0.9855 0.8951
0.951 -0.01 I.OO 0.0000 0.0000
0.952 -0.02 1.97 0.9848 0.5792
0.950 0.01 3.01 0.9876 0.7740
0.952 -O.01 4.99 0.9858 0.8722
0.951 -0.02 7.01 0.9864 0.9184
0.951 -0.04 9.00 0.9856 0.9385
0.899 5.97 0.99 0.0000 0.0000
0.901 5.98 1.99 0.9878 0.7277
0.899 6.00 2.97 0.9870 0.8574
0.901 5.99 5.00 0.9864 0.9265
0.901 5.97 7.01 0.9865 0.9458
0.903 5.99 9.02 0.9858 0.9476
0.903 -0.02 1.02 0.0000 0.0000
0.897 -0.01 1.50 1.0212 0.6405
0.900 0.00 2.00 0.9881 0.7467
0.902 -0.03 3.01 0.9882 0.8602
0.901 -0.03 3.99 0.9864 0.9090
0.901 -0.04 7.01 0.9867 0.9465
0.899 0.00 9.01 0.9861 0.9611
0.902 -6.00 1.02 0.0000 0.00130
0.899 -6.00 1.98 0.9868 0.6819
0.895 -6.00 2.97 0.9864 0.8207
O.901 -6.01 5.00 0.9865 0.8923
0.902 -6.02 7.01 0.9865 0.9258
0.902 -6.00 8.99 0.9857 0.9521
0.800 -O.03 1.03 0.0OO0 0.0000
0.8OO O.01 1.97 0.9863 0.8406
0.801 -O.01 2.99 0.9877 0.9223
0.801 O.00 5.01 0.9876 0.9496
0.801 -0.02 7.01 0.9863 0.9639
0.602 5.99 1.02 0.0000 0.0000
0.601 6.00 1.99 0.9862 0.8843
0.600 6.00 2.99 0.9875 0.9453
0.601 5.99 4.99 0.9878 0.9659
0.600 5.96 7.01 0.9859 0.9719
0.601 -0.03 1.01 0.0OOO 0.0000
0.600 0.01 1.51 1.0314 0.8526
0.600 0.02 1.99 0.9881 0.8866
0.599 O.01 2.99 0.9876 0.9450
0.601 -0.02 4.01 0.9870 0.9608
0.599 -0.02 4.99 0.9884 0.9608
0.600 -0.03 5.99 0.9869 0.9655
0.601 -0.05 7.00 0.9863 0.9716
0.601 -6.01 1.00 0.0000 0.0000
0.600 -6.00 1.98 0.9879 0.8375
0.599 -6.02 2.99 0.9877 0.9152
0.600 -6.00 5.02 0.9881 0.9387
0.601 -6.03 7.00 0.9864 0.9565
CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.2939 -O.1287 0.4296 0.0000 -0.3372 -O.1287 0.4296 0.0040
0.2070 '0.0462 0.1309 -0.9787 -0.1290 -0.0558 0.1804 0.1318
0.2298 20.0889 0.2825 -0.2874 -0.0638 -0.0992 0.3298 0.2220
0.2270 20.IO72 _ 0.3998 0.5351 0.3259 -0.1355 0.5195 0.6091
0.1993 20.0£f6 0.1226 0.7360 0.7421 -0.i199 0.5312 1.0082
0.1875 0.0432 -0.2724 0.8189 1.1694 0.0283 -0.1065 1.4280
0.1880 0.1384 -0.7286 0.8549 1.5826 0.1890 -0.8130 1.8512
0.1839 _ 21.0636 0.8760 1.9952 0.3209 -1.3972 2.2776
0.1549 0.0355 -0.4024 0.00(30 -0.2003 0.0355 -0.4024 0.0047
0.1245 -0.0736 0.0631 0.4501 0.1581 -0.0901 0.1382 0.3514
0.1308 -0.0906 O.i129 0.7058 0.4701 -O.1286 0.2770 0.6661
0.1309 -0.1259 0.3231 0.8369 1.0752 -0.2308 0.8427 1.2848
0.1181 -0.0967 0.1938 0.8951 1.7421 -0.1719 0.6545 1.9463
0.II01 0.0116 -0.3590 0.9211 2.4018 0.0389 -0.2944 2.6075
0.1246 -0'0230 -0.1043 0.0000 -0.1705 -0.0230 -0.1043 0.0050
0.0808 '0.0662 0.0579 0.6124 0.2434 -0.0457 0.1417 0.3974
0.0831 -0.07!5 0.0500 0.7947 0.5812 -0.0393 0.2322 0.7313
0.0721 -0.0974 0.2068 0.8946 1.2850 -0.0679 0.7880 1.4363
0.0691 -0.0903 0.2323 0.9247 2.0054 O.0481 0.7459 2.1687
0.076_ U.O3_ -0.4009 0.9318 2.7044 0.3649 -0.3335 2.9022
0.1039 -0.0603 -0.1063 0.0000 -0.1497 -0.0603 -0.1063 0.0050
0.06_I :O,0669 -0.0731 0.4455 0.1048 -0.0842 0.0159 0.2352
0.0744 -0.0970 0.0273 0.6329 0.2549 -0.1153 0.1112 0.4028
0.0glU-- -qE._ _ 0.0143 0.7982 0.5903 -0.1377 0.1964 0.7395
0.0753 10.0568 -0.1602 0.8665 0.9348 -0.i070 0.0517 1.0788
0.0697 -0.113_ 0.1902 0.9254 2.0039 -0.1976 0.7037 2.1656
0.0558 0.0104 -0.4241 0.9454 2.7631 0.0434 -0.3539 2.9226
0.1454 -0.2091 0.3111 0.0000 -0.1912 -0.2091 0.3111 0.0050
0.0951 '0.1304 -0.0345 0,5661 0.2242 -0.1872 0.0498 0.3960
0.1020 '0.1357 -0.0101 0.7584 0.5581 -0.2527 0.1736 0.7359
0.0963 -0.1445 0.0789 0.8603 1.2333 -0.4067 0.6582 1.4335
0.09_5 20_I_85 0.1581 0.9045 1.9528 -0.4525 0.6713 2.1589
0.0703 20.0231 -0.4451 0.9363 2.7099 -0.2883 -O.3712 2.8944
0.073_- 20,!519 0.1898 0.0000 -O.1202 -0.1519 O.1898 0.0057
0.04"55 -O_091g 20.0269 0.7466 0.3713 -0.1144 0.0794 0.4972
0.0444 -0.0836 -0.0799 0.8721 0.8117 -O.1372 O.1505 0.9308
0.04i3 20. I_35 0.0453 0.9240 1.6871 -0.2488 0.7818 1.8258
0.0419 -0.1069 0.1527 0.9469 2.5962 -0.2126 O.8016 2.7418
0.0593 -0.1225 0.2415 0.0000 -0.1083 -O.1225 0.2415 0.0084
0.0430 '0.0_Y4 _0.0517 0.8296 0.7411 -O.0031 0.1367 0.8934
0.0423 -0.0404 -0.0800 0.9158 1.5173 0.0329 0.3302 1.6569
0.0305 -0.0646 0.0647 0.9507 3.0682 0.0022 1.3652 3.2271
0.0313 20.0573 0.1181 0.9618 4.6906 0.2521 1.2780 4.8767
0.0703 -0.1401 0.1791 0.0000 -0.1191 -O.1401 O.1791 0.0084
0.0270 -q)_0T48 20.0620 0.7611 0.4064 -0.1132 0.1364 0.5339
0.0399 -0.0837 -0.0386 0.8321 0.7452 -0.1245 0.1500 0.8957
0.0414 ±0.08i9 -0.0746 0.9156 1.5186 -0.1771 0.3368 1.6586
0.0426 -0.0571 -0.1838 0.9408 2.2980 -0.1699 0.2940 2.4426
0.0350 J).0994 0.0634 0.9457 3.0654 -0.3634 1.3673 3.2412
0.0355 -0.0699 -0.0064 0.9534 3.8530 -0.3843 1.6274 4.0412
0.0366 -0.0919 0.1261 0.9615 4.6770 -0.2835 1.2863 4.8641
0.1210 20.1873 0.2114 0.0000 -0.1698 -0.1873 0.2114 0.0084
0.0745 -0,1339 -0.0113 0.7828 0.6982 -0.2616 0.1778 0.8919
0.0720 20.1309 -0.0106 0.8858 1.4705 -0.3946 0.4009 1.6601
0.0621 -0.1361 0.0647 0.9237 3.0087 -0.7298 1.3779 3.2570




























































Table 14. Internal and Aeropropulsive Characteristics for Nozzle 11
(a) Internal performance











-0.01 1.50 1.0267 0.9141 0.9107 -4.90 0.1209 -0.0104
0.02 1.98 0.9829 0.9378 0.9363 -3.17 0.2079 -0.0115
0.02 2.46 0.9834 0.9682 0.9673 -2.52 0.3034 -0.0134
0.02 2.99 0.9842 0.9772 0.9754 -3.44 0.4049 -0.0243
-0.02 3.48 0.9850 0.9872 0.9871 -0.74 0.5043 -0.0065
0.01 3.96 0.9851 0.9830 0.9820 -2.51 0.5947 -0.0261
0.00 4.48 0.9852 0.9811 0.9784 -4.29 0.6934 -0.0520
-0.01 4.98 0.9847 0.9804 0.9767 -4.95 0.7905 -0.0684
-0.01 5.98 0.9858 0.9796 0.9765 -4.54 0.9902 -0.0787












ALPHA NPR UP/WI F-DN/FI CDN
0.00 0.94 0.0000 0.000(3 0.1731
0.03 1.50 1.0034 -0.1111 0.1338
0.00 2.04 0.9720 0.2917 0.1516
-0.02 4.01 0.9811 0.7342 0.1528
-0.04 6.06 0.9812 0.8537 0.1298
-0.02 7.99 0.9821 0.8999 0.i175
0.01 I0.01 0.9821 0.9176 0.1142
0.01 10.17 0.9824 0.9178 0.1151
-6.04 0,86 0.0000 0.00(30 0.2450
-0.01 1.06 0.0000 0.0000 0.0733
-0.02 2.03 0.9824 0.7925 0.0538
0.02 3.02 0.9822 0.8865 0.0610
-0.02 4.98 0.9820 0.9327 0.0601
-0,04 6.93 0.9827 0.9538 0.0548
0.01 8.98 0.9829 0.9701 0.0283
6.01 1.04 0.0000 0.0000 0.0672
6.00 2.02 0.9844 0.8108 0.0518
6.00 3.03 0.9848 0.8984 0.0579
5.99 5.05 0.9828 0.9459 0.0508
5.97 6,98 0.9837 0.9587 0.0462
6.03 8.98 0.9825 0.9604 0.0431
-0.03 1.05 0.0000 0.000(3 0.0676
-0.01 1.51 1.0098 0.7296 0.0455
-0.02 2.06 0.9835 O.8112 0.0534
-0.03 3.06 0.9830 0.8962 0.0611
0.02 4.03 0.9829 0.9336 0.0550
-0.01 4,98 0.9817 0.9360 0.0622
--0.04 6.98 0.9829 0.9576 0.0522
0.O0 9.02 0.9820 0.9708 0.0318
-6.03 1.02 0.000(3 0.0OO0 0.1258
-6.00 2.03 0.9819 0.6896 0.0982
-6.00 3.03 0.9827 0.8277 0.1032
-6.01 5.05 0.9823 0.8945 0.I010
-6.04 6.98 0.9824 0.9312 0.0894
-6.00 9.04 0.9824 0.9597 0.0492
-O.02 1.03 0.00130 0.0000 0.0719
0.02 2.04 0.9834 0.8316 0.0557
-0.01 3.O1 0.9828 0.9111 0.0617
-0.01 5.01 0.9827 0.9430 0.0643
-0.04 6.99 0.9827 0.9618 0.0557
5.99 1.0I 0.0000 0_0000 0.0781
6.00 2.04 0.9833 0.8697 0.0635
6.01 3.05 0.9825 0.9370 0.0701
5.99 4.98 0.9836 0.9587 O.0718
5.95 7.01 0.9830 0.9688 0.0583
-0.02 1.01 0.0000 0.000(3 0.0722
0.02 1.53 1.0200 0.8199 0.0504
0.01 2.03 0.9842 0.8716 0.0610
0.00 3.04 0.9840 0.9342 0.0707
-0.02 3.97 0.9840 0.9494 0.0803
-0.02 4.97 0.9843 0.9533 0.0760
-0.02 5.98 0.9838 0.9601 0.0736
-0.05 7.01 0.9832 0.9690 0.0613
-6.03 1.00 0.0000 0.0000 0.1394
-5.99 2.03 0.9844 0.8118 0.1064
-5.99 3.06 0.9848 0.9011 0.1076
-6.02 4.98 0.9847 0.9260 0.1168






































































F-D/FI C(F-D) CL CM CFI
0.0OOO -O.2161 -0.0940 0.3468 0.0040
-0.4472 -0.0574 -0.0559 0.1826 0.1283
0,1045 0.0241 -0.1009 0,4241 0.2305
0.6631 0.4025 -0.1580 0.7637 0.6069
0.8112 0.8244 -0.1142 0.5779 1.0163
0.8694 1.2313 -0.0071 -0.0204 1.4162
0.8942 1.6460 0.1324 -0.8364 1.8407
0.8947 1.6794 0.1383 -0.9016 1.8770
0.000(3 -0.2882 -0.2150 0.8951 0.0040
0.000(3 -0.I185 -0.1492 0.1855 0.0047
0.6696 0.2464 -0.1547 0.2887 0.3680
0.8188 0.5472 -0.1700 0.3699 0.6682
0.8975 1.1548 -0.2596 0.9781 1.2866
0.9304 1.7999 -0.2273 0.8796 1.9345
0.9527 2.4802 -0.0165 -0.3507 2.6033
0.0000 -0.1128 -0.1037 0.1578 0.0050
0.6998 0.2876 -0.0628 0.1800 0.4110
0.8373 0.6249 -O.0419 0.2442 0.7463
0.9139 1.3005 -0.0771 0.9772 1.4231
0.9377 2.030i 0.0679 0.7327 2.1651
0.9446 2.7330 0.3736 -0.6687 2.8931
0.0000 -O.1132 -0.1509 O.1928 0.0050
0.5356 0.1259 -0.1377 O.1742 0.2350
0.7023 0.2940 -O.1597 0.2799 0.4186
0.8356 0.6279 -O.1746 O.3581 O.7514
0.8917 0.9700 -O.1591 0.2548 1.0878
0.9039 1.2856 -0.2729 1.0302 1.4223
0.9364 2.0104 -0.2217 O.8531 2.1470
0.9551 2.7696 0.0090 -0.5199 2.8999
0.0000 -O.1714 -0.2374 0.4638 0.0050
0.5784 0.2373 -0.2790 0.4941 0.4103
0.7665 0.5717 -0.3352 0.5954 0.7458
0.8630 1.2472 -0.4993 1.2538 1.4452
0.9099 1.9537 -0.5114 1.0033 2.1471
0.9439 2.7377 -O.3412 -0.4352 2.9003
0.0OO0 -0.1184 -0.1488 0.2240 0.0057
0.7425 0,3876 -0.!588 0.3074 0.5220
0.8614 0.8064 -0.1798 0.4284 0.9362
0.9174 1.6669 -0.2966 1.2310 1.8169
0.9448 2.5778 -0.2220 0.9704 2.7285
0.0000 -0.1268 -0.0989 0.2250 0.0084
0.8172 0.7560 -0.0231 0.3423 0.9251
,0.9082 1.5317 0.0205 0.5526 1.6865
0.9435 3.0097 -0.0282 1.8854 3.1900
0.9589 4.6824 0.2795 1.4346 4.8833
0.0000 -0.1207 -0.1479 0.2687 0.0084
0.7319 0,4037 -0.1639 0.4171 0.5515
0.8194 0.7610 -0.1735 0.4369 0.9288
0.9054 1.5238 -0.2168 0.6597 1.6831
0.9292 2.2289 -0.2329 0.7568 2.3987
0.938i 2.9890 -0.4104 1.9499 3.1861
0.9480 3.7993 -0.4148 2.146i 4.0076
0.9590 4.6365 -0.2875 1,5412 4.8348
8750_4 -0.1878 -0.2467 0.5775 0.0084: 7025 3531 6842 ,9251
0.8725 1.4790 -0.4717 0.8838 1.6951
0.9109 2.9172 -0.8213 2.1896 3.2025
0.9417 4.5696 -0.8651 1.6838 4.8526
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Table 15. Internal and Aeropropulsive Characteristics for Nozzle 12
(a) Internal performance
M ALPHA NPR UP/_;I FRIFI FJIFI
0.000 0.09 1.52 1.0193 0.9082 0.9051
0.000 0.12 2.03 0.9805 0.9328 0.9317
0.000 0.00 2.51 0.9796 0.9624 0.9616
0.000 0.01 2.98 0.9784 0.9714 0.9699
0.000 -0.03 3.46 0.9794 0.9796 0.9795
0.000 0.01 3.97 0.9792 0.9788 0.9781
0.000 0.00 4.48 0.9794 0.9772 0.9748
0.000 0.00 4.98 0.9789 0.9761 0.9729
0.0(30 -0.03 5.97 0.9792 0.9769 0.9738
0.000 -0.06 7.01 0.9789 0.9779 0.9768
DELTAP CFJ CFN CMJ CFI
-4.73 0.1223 -0.0101 0.0827 0.1351 "
-2.67 0.2164 -0.0101 0.0936 0.2323
-2.37 0.3101 -0.0129 0.1203 0.3225
-3.16 0.3976 -0.0219 0.1868 0.4100
-0.82 0.4927 -0.0070 0.1156 0.5030
-2.15 0.5904 -0.0222 0.2183 0.6036
-4.05 0.6862 -0.0486 0.3790 0.7039
-4.63 0.7833 -0.0634 0.4879 0.8051
-4.61 0.9788 -0.0789 0.5930 1.0051
-2.71 1.1922 -0.0565 0.5365 1.2206
(b) Aeropropulsive characteristics
M ALPHA NPR WP/WI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
1.200 0.03 0.92 0.0000 0.O(X)O 0.2168 0.1677 -0.8208 0.0000 -0.2604 0.1677 -0.8208 0.0041
1.201 0.00 1.51 0.9973 -0.4381 0.1760 0.1695 -0.7809 -0.7767 -0.1001 0.1595 -0.6992 0.1289
1.199 0.05 2.01 0.9691 0.1281 0.1819 0.0805 -0.3215 -0.0672 -0.0150 0.0707 -0.2290 0.2236
1.198 -0.01 3.96 0.9762 0.6950 0.1697 0.0497 -0.0922 0.6218 0.3714 0.0284 0.1247 0.5972
1.199 -0.01 6.01 0.9778 0.8298 0.1467 0.1655 -0.6705 0.7864 0.7927 0.0879 -0.0833 1.0080
1.199 0.03 8.03 0.9775 0.8758 0.1455 0.2400 -1.1160 0.8450 1.1997 0.2060 -0.6374 1.4199
1.198 0.05 9.93 0.9769 0.8880 0.1599 0.3369 -1.6303 0.8640 1.5724 0.3442 -1.2530 1.8200
1.200 -0.01 12.00 0.9768 0.8887 0.1857 0.4389 -2.1120 0.8693 1.9599 0.4884 -1.8469 2.2545
0.951 0.01 1.06 0.000(3 0.0000 0.0896 0.0681 -0.6519 0.0000 -0.1352 0.0681 -0.6519 0.0048
0.952 0.00 2.06 0.9787 0,7925 0,0528 -0.0068 -0,2169 0.6702 0.2501 -0.0227 -0.0684 0.3732
0.951 0.02 3.05 0.9787 0.8883 0.0562 -0.0027 -0.2540 0.8203 0.5502 -0.0357 0.0450 0.6708
0.949 0.00 5.07 0.9777 0.9349 0.051_ ,0.0230 -0.0254 0.8998 1.1718 -0.1257 0.7626 1.3023
0.950 -0.04 6.93 0.9778 0.9560 0.0412 0.0257 -0.1896 0.9320 1.7740 -0.0678 0.6666 1.9034
0.952 -0.02 9.04 0.9773 0.9656 0.0300 0.1667 -1.0222 0.9480 2.4544 0.1449 -0.3482 2.5891
0.902 5.99 1.02 0.0000 0.000(3 0.1232 0.0897 -0.6286 0.0000 -0.1692 0.0897 -0.6286 0.0051
0.900 6.03 2.09 0.9794 0.7623 0.0734 0.0492 -O.3781 0.6549 0.2809 0.0736 -0.2108 0.4290
0.902 6.03 3.10 0.9826 0.8727 0.0734 0.0550 -0.4136 0.8125 0.6217 0.0962 -0.0787 0.7651
0.901 6.02 5.05 0.9767 0.9311 0.0678 0.0240 -0.0858 0.8990 1.2916 0.0582 0.7849 1.4367
0.902 5.94 6.94 0.9782 0.9464 0.0649 0.1!76 -0.4920 0.9247 1.9550 0.2302 0.4558 2.1142
0.901 5.99 8.98 0.9777 0.9471 0.0728 0.2754 -1.4461 0.9310 2.6717 0.5427 -0.6880 2.8696
0.904 -0.01 1.04 0.0000 0.0000 0.0750 0'0599 -0.6593 0.000(3 -0.1210 0.0599 -0.6593 0.0051
0.901 0.01 1.50 1.0025 0.7347 0.0432 -0,D257 -0.4533 0.5343 0.1228 0.0080 -O.3081 0.2298
0.897 0.OO 2.02 0.9795 0.8176 0.0468 -O.0124 -0.2638 0.7049 0.2881 -0. O304 -0.0980 0.4087
0.902 0.02 2.97 0.9801 0.9023 O.O/-J_3 '0.0085 -0.2980 0.8382 0.6025 -0.0451 0.0297 0.7188
0.900 0.03 4.03 0.9788 0.9384 0.0414 -0.0114 -0,2565 0.8960 0.9729 -0.0484 0.1319 1.0859
0.896 0.02 4.97 0.9779 0.9414 0.0474 -0.0334 -0.0387 0.9091 1.2967 -0. 1434 0.8230 1.4263
0.901 -0.05 7.00 0.9781 0.9626 0.0320 0.0368 -0.2944 0.9411 2.0147 -0.0652 0.6516 2.1409
0.900 -0.02 9.02 0.9775 0.9709 0.0174 0.1895 -1.1972 0.9550 2.7598 0.1647 -0.4417 2.8899
0.901 -6.00 1.04 0.0000 0.0000 0.0788 0.0151 -0.5809 0.0000 -0.1248 0.0151 -0.5809 0.0051
0.900 -5.99 2.03 0.9780 0.7983 0.0513 -0.0541 -0.2365 0.6853 0.2794 -0.1115 -0.0715 0.4076
0.900 -5.98 3.02 0.9787 0.8890 0.0534 k0.0491 -0.2762 0.8267 0.6111 -0.1607 0.0557 0.7392
0.900 -5.99 5.03 0.9776 0.9249 0.051_ 20.0823 -0.C097 0.8928 1.2792 -0.3403 0.8585 1.4328
0.898 -6.04 6.97 0.9785 0.9497 0.0364 -0.0164 -0.2240 0.9282 1.9901 -0.3380 0.7310 2.1440
0.901 -6.03 9.05 0.9777 0.9705 -0.0002 0.141_ -I.1440 0.9546 2.7610 -0.1781 -0.3933 2.8923
0.800 -0.02 1.03 0.0000 0.0000 0.0778 0.0606 -0.6094 0.0000 -0.1248 0.0606 -0.6094 0.0058
0.800 -0.01 2.00 0.9798 0.8432 0.0442 -0.0047 -0.2656 0.7499 0.3778 -0.0274 -0.0583 0.5038
0.800 0.01 3.02 0.9799 0.9184 0.0486 -0.0019 -0.2945 0.8681 0.8102 -0.0486 0.1249 0.9332
0,801 0.01 4,99 0.9773 0.9497 0.0457 -0.0308 -0.0389 0.9235 1.6558 -0.1704 1.0504 1.7929
0.798 -0.05 6.96 0.9781 0.9652 0.0332 0.0521 -0.2916 0.9479 2.5701 -0.0797 0.9189 2.7113
0.602 5.98 1.00 0.0000 0.0000 0.1151 0.0825 -0.4963 0.00(30 -0.1642 0.0825 -0.4963 0.0086
0.600 6.02 2.02 0.9793 0.8542 0.0701 0.0583 -0.3646 0.8001 0.7261 0.1072 0.0054 0.9076
0.601 6.01 3.02 0.9792 0.9297 0.0686 0.0645 -0.3979 0.9OO1 1.4920 0.1503 0.3472 1.6576
0.601 5.98 4.99 0.9790 0.9572 0.0606 0.0245 -0.0768 0.9419 3.0061 0.I010 1.8595 3.1917
0.601 5.94 6.98 0.9779 0.9647 0.0610 0.1501 -0.4455 0.9545 4.5823 0.4107 1.6859 4.8010
0.600 -0.02 1.01 0.0000 _ o_.09_= 0.0713 0.0544 -0.5454 0.00OO -0.1204 0.0544 -0.5454 0.00860.601 0.02 1.54 1.0105 v104_J 0.0370 0.0022 -0.2735 0.7534 0.4152 -O.0377 0.0559 0.5510
0.600 0.02 2.07 0.9830 0.8889 0.0393 -0.0154 -0.2058 0.8373 0.7960 -0.0550 0.1683 0.9507
0.600 -0.01 3.02 0.9787 0.9442 0.0456 -0.0100 -0.2563 0.9146 1.5187 -0.0937 0.4911 1.6605
0.600 0.02 4.04 0.9778 0.9570 0.05_ L0.0562 0.0323 0.9369 2.2956 -0.1401 " 0.9083 2.4501
0.600 0.00 4.98 0.9788 0.9606 0.0419 -0.0399 0.0160 0.9452 3.0157 -0.2876 1.9473 3.1904
0.600 0.00 5.97 0.9788 0.9652 0.0359 0.0127 -0.0595 0.9529 3.7977 -0.2997 2.2925 3.9856
0.600 -0.06 7.00 0.9781 0.9713 0.0299 0.0702 -0.2641 0.9611 4.6459 -0.1606 1.8692 4.8339
0.600 -6.01 1.01 0.0000 0.0000 0.0753 -0.0025 -0.4508 0.000(3 -0.1244 -0.0025 -0.4508 0.0086
0.600 -5.99 1.99 0.9787 0.8664 0.0497 -0.0662 -0.1707 0.8114 0.7238 -0.1928 0.1979 0.8921
0.600 -5.98 3.01 0.9783 0.9308 0.0508 -0.0627 -0.2008 0.9012 1.4923 -0.3134 0.5453 1.6560
0.601 -6.01 4.99 0.9793 0.9426 0.05475 -0.0976 0.0621 0.9273 2.9597 -0.6696 1.9970 3.1919
0.600 -6.04 7.00 0.9778 0.9612 0.0305: __9.OO_ -O.2125 O.9510 4.5840 -O.7157 1.9185 4.8202
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Table 16 Internal and Aeropropulsive Characteristics for Nozzle 13
(a) Internal performance





















1.49 1.0309 0.8560 0.8550 -2.72 0.1127 -0.0054
2.01 0.9874 0.9019 0.9015 -1.82 0.2077 -0.0066
2.49 0.9856 0.9371 0.9366 -2.02 0.3007 -0.0106
2.96 0.9850 0.9543 0.9534 -2.61 0.3918 -0.0178
3.46 0.9863 0.9670 0.9661 -2.46 0.4917 -0.0211
3.97 0.9864 0.9814 0.9813 0.65 0.5975 0.0068
4.46 0.9851 0.9860 0.9858 1.22 0.6971 0.0149
4.99 0.9854 0.9809 0.9807 -1.22 0.7986 -0.0169
5.98 0.9852 0.9791 0.9774 -3.37 0.9922 -0.0583






















M ALPHA NPR VP/VI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.597 5.99 1.01 0.0OO0 0.0OOO 0.0869 O.0214 -0.2604 0.0OOO -0.1353 0.0214 -0.2604 0.0085
0.600 6.01 2.03 0.9837 0.8159 0.0808 0.0479 -0.4050 0.7634 0.7046 0.1093 -0.1751 0.9230
0.600 6.02 3.04 0.9835 0.9152 0.07!0 0.0306 -0.2872 0.8865 1.4962 0.1371 0.2043 1.6877
0.599 6.00 4.96 0.9846 0.9587 0,0636 -0.0212 0.0016 0.9436 3.0354 0.2445 0.6861 3.2168
0.599 5.98 7.04 0.9843 0.9668 0.0497 0.0731 -0.1390 0.9569 4.7024 0.2206 2.2642 4.9142
0.598 -0.O3 I.O1 0.0(030 0.0OOO 0.0709 -0.0337 -O.1864 0.0000 -0.i194 -O.0337 -0.1864 0.0085
0.598 0.00 i.53 1.0178 0.7940 0.0379 -0.0143 -0.2186 0.7067 0.3930 -0.0362 -0.0407 0.5562
0.599 0.02 2.05 0.9873 0.8453 0.0553 -0.0201 -0.2557 0.7943 0.7547 -0,0465 -0.0219 0.9502
0.598 0.01 3.04 0.9844 0.9262 0.0536 -0.0391 -0.1494 0.8976 1.5225 -O.1026 0.3444 1.6962
0.598 -0.02 3.98 0.9835 0.9564 0.0682 -0.0022 -0.3499 0.9364 2.2785 0.0251 -0.2898 2.4332
0.598 0.01 4.97 0.9852 0.9648 0.0529 -0.0618 -0.0i54 0.9498 3.0684 -0.1266 0.6736 3.2307
0.598 -0.02 5.98 0.9845 0.9658 0.0495 -0.0804 0.1737 0.9538 3.8657 -0.3148 1.9077 4.0529
0.598 -0.04 6.99 0.9838 0.9683 0.0342 -0.0026 0.0184 0.9584 4.6866 -0.3542 2.3990 4.8899
0.598 -6.02 1.00 0.0000 0.0000 0.0994 -0.1022 -0.0166 0.0000 -0.1480 -0.I022 -O.0166 0.0085
0.601 -5.98 2.02 0.9845 0.8134 0.0761 -0.0724 -0.1768 0.7604 0.6967 -0.1848 0.0518 0.9163
0.601 -5.98 3.05 0.9849 0.9034 0.0767 -0.0976 -0.0241 0.8747 1.4807 -0.3285 0.4607 1.6928
0.600 -5.99 4.99 0.9855 0.9508 0.0725 -0.1240 0.1317 0.9357 3.0168 -0.5205 0.8290 3.2239
0.601 -6.03 6.99 0.9846 0.9515 0.0492 -0.053i 0.0611 0.9415 4.5610 -0.8923 2.4170 4.8443
1.199 0.00 0.88 0.0000 0.0000 0.2171 0.0350 -0.2353 0.00130 -0.2604 0.0350 -0.2353 0.0040
1.202 0.03 1.49 1.0176 -0.4423 0.1683 0.1017 -0.5192 -0.7790 -0.1002 0.0964 -0.4762 0.1286
1.200 0.01 2.02 0.9768 0.1320 0.1770 0.0396 -0.2200 -0.0587 -0.0133 0.0331 -0.1628 0.2271
1.200 -0.01 4.0i 0.9840 0.7007 0.1735 -0.0041 0.0418 0.6298 0.3850 0.0035 0.0533 0.6114
1.200 0.00 6.04 0.9839 0.8329 0.i483 0.0804 -0.3413 0.7904 0.8055 0.0198 0.1065 1.0191
1.200 0.00 8.02 0.9853 0.8789 0.1299 0.2099 -0.9224 0.8486 1.2143 0.0941 -0.1682 1.4309
1.199 0.00 9.99 0.9848 0.8986 0.ii69 0.3742 -1.7036 0.8751 1.6184 0.2022 -0.6358 1.8493
1.199 -0.01 12.00 0.9842 0.9050 0.1126 0.5806 -2.6931 0.8859 2.0215 0.3513 -1.3052 2.2818
0.949 0.00 1.05 0.00130 0.00013 0.0949 -0.0191 -0.3248 0.000(3 -0.1402 -0.0191 -0,3248 0.0047
0.954 O.00 2.03 0.9854 0.7168 0.0690 -0.0222 -O.2168 0.5936 O.2183 -0.O326 -O.1256 0.3678
0.952 0.00 3.01 0.9859 0.8454 0.0727 -0.0286 -0.2170 0.7771 0.5152 -0.0548 -0.0169 0.6630
0.950 0.03 5.03 0.9847 0.9327 0.0632 -0.0226 -0.2546 0.8978 1.1645 -0.0498 0.0324 1.2971
0.950 -0.01 6.97 0.9849 0.9473 0.0521 -0.0159 -0.0506 0.9239 1.7833 -0.1532 0.8858 1.9302
0.949 -0.03 8.98 0.9843 0.96i7 0.0127 0.2037 -1.0268 0.9443 2.4660 -0.0267 0.4242 2.6114
0.898 6.00 1.03 0.0000 0.0000 0.I001 0.0164 -0.3698 0.0000 -0.1458 0.0164 -0.3698 0.0050
0.898 6.01 2.00 0.9867 0.7113 0.0763 0.0375 -0.4697 0.5985 0.2427 0.0641 -0.3682 0.4055
0.900 6.00 3.01 0.9856 0.8614 0.0691 0,0193 -0.3462 0.7999 0.5942 0.0646 -0.1236 0.7429
0.899 6.01 5.01 0.9846 0.9387 0.0573 -0.0398 0.0317 0.9071 1.3099 0.0782 0.3477 1.4442
0.900 5.98 6.98 0.9852 0.9519 0.0523 0.0663 -0.2767 0.9307 2.0071 0.1327 0.7706 2.1566
0.901 5.95 9.05 0.9849 0.9549 0.0434 0.3356 -1.4941 0.9392 2.7457 0.3726 0.1339 2.9234
0.901 -0.01 1.03 0.0000 0.0000 0.0774 -0.0298 -0.3042 0.0000 -0.1231 -0.0298 -0.3042 0.0050
0.900 0.03 1.53 1.0159 0.6918 0.0422 -0.0049 -0.3809 0.5053 0.1240 -0.0145 -0.3023 0.2453
0.901 0.01 2.06 0.9871 0.7818 0.0513 -0.0255 -0.3109 0.6730 0.2829 -0.0372 -0.2076 0.4203
0.901 -0.01 3.02 0.9856 0.8858 0.0522 -0.0335 -0.2668 0.8244 0.6131 -0.0622 -0.0467 0.7437
0.902 -0.01 4.05 0.9861 0.9306 0.0574 -0.0556 -0.1226 0.8890 0.9766 -0,0403 -0.1103 1.0986
0.899 -0.01 4.98 0.9845 0.9501 0.0455 -0.0501 -0.1520 0.9182 1.3168 -0.0796 0.1566 1.4341
0.898 -0.01 6.99 0.9851 0.9599 0.0308 -0.0094 -0.1131 0.9388 2.0364 -0.1643 0.94!5 2.1692
0.900 -0.01 9.03 0.9842 0.9684 -0.0056 0.2503 -1.2555 0.9527 2.7826 -0.0072 0.3707 2.9206
0.898 -6.01 1.01 0.0000 0.0000 0.0985 -0.0799 -0.1775 0.0000 -0.1442 -0.0799 -0.1775 0.0050
0.897 -6.00 2.02 0.9874 0.7369 0.0642 -0.0583 -0.2957 0.6253 0.2565 -0.1086 -0.1935 0.4103
0.896 -6.00 3.02 0.9863 0.8561 0.0677 -0.0864 -0.1397 0.7952 0.5983 -0.1904 0.0834 0.7524
0.903 -6.00 5.05 0.9852 0.9258 0.0685 -0.1429 0.1881 0.8942 1.2933 -0.3228 0.5125 1.4463
0.902 -6.03 6.99 0.9854 0.9413 0.0423 -0.0516 -0.0960 0.9200 1.9798 -0.4241 0.9502 2.1519
0.900 -6.03 9.04 0.9846 0.9586 -0,0209 0.2072 -1.2478 0.9430 2.7566 -0.3451 0.3799 2.9233
0.800 0.02 1.02 0.00013 0.0000 0.0763 -0.0276 -0.2471 0.00(30 -0.1230 -0.0276 -0.2471 0.0057
0.802 -0.02 2.07 0.9885 0.8074 0.0511 -0.0145 -0.3051 0.7202 0.3851 -0.0296 -0.1743 0.5347
0.802 -0.01 3.01 0.9866 0.9000 0.0509 -0.0332 -0.1997 0.8501 0.7951 -0.0703 0.0819 0.9352
0.802 0.01 5.00 0.9854 0.9552 0.0464 -0.0598 -0.0238 0.9295 1.6848 -0.0976 0.3716 1.8126
0.800 0.00 6.97 0.9849 0.9617 0.0344 0.0006 -0.0835 0.9446 2.5761 -0.1934 1.2407 2.7272
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Table 17. Internal and Acropropulsive Characteristics for Nozzle 14
(a) Internal performance
M ALPHA NPR WP/WI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
0.000 0.04 1.54 1.0200 0.8692 0.8670 -4.05 0.1217 -0.0086 0.0335 0.1404
0.000 0.07 1.96 0.9856 0.9072 0.9045 :_.45 0.1991 -0.0155 0.0599 0.2202
0.000 0.13 2.49 0.9853 0.9453 0.9407 -5.68 0.3017 -0.0300 0.1154 0.3208
0.000 0.18 2.97 0.9843 0.9633 0.9588 -5.52 0.3959 -0.0383 0.1499 0.4129
0.000 0.33 3.46 0.9859 0.9760 0.9647 -8.73 0.4909 -0.0754 0.2894 0.5089
0.000 0.39 3.96 0.9857 0.9833 0.9740 -7.90 0.5937 -0.0824 0.3135 0.6095
0.000 0.35 4.48 0.9852 0.9863 0.9826 -4.99 0.6993 -0.0610 0.2389 0.7117
0.000 0.28 5.00 0.9855 0.9883 0.9872 -2.74 0.8068 -0.0387 0.1421 0.8173
0.000 0.14 5.98 0.9853 0.9907 0.9907 0.05 1.0091 0.0008 -0.0462 1.0186
0.000 0.00 6.97 0.9850 0.9887 0.9882 1.95 1.2104 0.0411 -0.2360 1.2249
(b) Aeropropulsive characteristics
M ALPHA NPR _/P/_/I F-DN/FI CDN CLCN __.CMCN F-D/FI C(F-D) CL CM CFI
0.597 5.97 1.04 0.0000 • 0.0000 0.0503 -0.1352 0.3392 0.0000 -0.0986 -0.1352 0.3392 0.0085
0.J99 6.01 2.04 0.9852 0.8547 0.0532 -0.1305 0,3164 0.8032 0.7526 -0.I080 0.5750 0.9370
0. _00 6.01 3.03 0.9841 0.9312 0,0575 -0.1106 0.2563 0.9026 1.5214 -0.1025 0.8896 1.6855
0._00 5.98 4.98 0.9849 0.9701 0.0582 -0.1550 0.4586 0.9552 3.0873 0.0222 1.0336 3.2321
O. _00 6.00 7.02 0.9841 0.9712 0.0450 -0,0957 0.2382 0.9613 4.7158 0.5829 -0.7416 4.9054
0._02 -0.03 1.04 0.0000 0.0000 0.0615 -0:1448 0.2174 0.0000 -0.1097 -0.1448 0.2174 0.0084
0.599 0.01 1.53 1.0217 0.7872 0.0437 -0.!201 0.1481 0.6998 0.3866 -0.1537 0.2794 0.5525
0.600 0.00 2.03 0.9843 0.8487 0.0568 40.1507 0.2485 0.7968 0.7416 -0.2172 0.5054 0.9307
0.300 -0.01 3.05 0.9845 0.9243 0.0621 -0:1317 0.1939 0.8959 1.5256 -0.2982 0.8413 1.7027
0.600 0.01 3.97 0.9844 0.9428 0.0789 '0.1911 0.4627 0.9229 2.2373 -0.5197 1.7135 2.4242
0.600 -0.01 4.97 0.9850 0.9660 0.0717 20.1620 0.3763 0.9510 3.0633 -0.3201 0.9551 3.2211
0.500 -0.02 5.99 0.9844 0.9774 0.0535 -0,1371 0.2400 0.9654 3.9062 -0.1330 0.0463 4.0460
O. _00 0.00 6.97 0.9842 0.9789 0.0508 -0.1206 0.1658 0.9690 4.7069 0.0430 -0.7748 4.8575
0._99 -6.03 1.03 0.0000 0.0000 0.1050 -0.1796 0.2061 0.0000 -0.1533 -0.1796 0.2061 0.0084
0.J99 -5.99 2.01 0.9853 0.7957 0.0915 -0.1805 0.2269 0.7431 0.6830 -0.3326 0.4795 0.9191
0.J99 -6.00 3.03 0.9857 0.8881 0.0943 -0.q683 0.1954 0.8595 1.4561 -0.5003 0.8320 1.6940
0.J99 -6.03 4.97 0.9852 0.9474 0.0969 -0.!909 0.3358 0.9324 3.0120 -0.6844 0.9208 3.2301
0.299 -6.00 7.00 0.9839 0.9728 0.0738 -0.1517 0.1171 0.9630 4.7209 -0.4899 -0.8508 4.9024
1.117 -0.01 0.86 0.000(3 0.0000 0.2917 -0.1712 0.6868 0.0000 -0.3346 -0.1712 0.6868 0.0040
1.299 0.00 1.52 1.0141 -0.8232 0.2292 -0.1237 0.5017 -1.1418 -0.1543 -0.1319 0.5340 0.1351
1 2oi -0.01 2.03 0.9780 -0.1650 0.2481 -0.1621 0.6603 -0.3525 -0.0810 -0.1786 0.7240 0.2297
1.200 -0.04 3.99 0.9859 0.5701 0.2467 -0:1390 0.5745 0.4996 0.3052 -0.2225 0.8905 0.6109
1.200 -0.02 6.03 0.9849 0.7687 0.2259 -0.0962 0.3364 0.7264 0.7412 -0.0937 0.2814 1.0203
1.202 0.00 8.01 0.9858 0.8392 0.2084 -0.0898 0.2706 0.8090 1.1565 -0.0075 -0.1598 1.4295
1.199 0.01 9.98 0.9850 0.8734 0.1957 -0.0816 0.2139 0.8501 1.5760 0.0811 -0.5941 1.8539
1.200 0.01 12.01 0.9842 0.8923 0.1836 -0.0752 0.1679 0.8734 1.9977 0.1694 -1.0252 2.2872
0.951 -0.01 1.01 0.0000 0.0000 0.1493 -0.0079 -0.2379 0.0000 -0.1944 -0.0079 -0.2379 0.0047
0.952 0.00 2.01 0.9870 0.5616 0.1256 -0.0989 0.2323 0.4379 0.1597 -0.1249 0.3324 0.3646
0.953 -0.03 3.00 0.9867 0.7422 0.1423 -0.1238 0.3674 0.6742 0.4463 -0.1868 0.6120 0.6620
0.951 -0.03 5.03 0.9853 0.8831 0.1367 -0.1176 0.3008 0.8485 1.1038 -0.1772 0.5153 1.3009
0.949 0.02 6.97 0.9848 0.9245 0.1250 -0.i065 0.1366 0.9013 1.7513 -0.0404 -0.2396 1.9432
0.952 -0.01 9.01 0.9847 0.9378 0.1175 _0.I031 0.0870 0.9205 2.4038 0.0921 -0.9017 2.6113
0.902 5.98 1.03 0.0000 0,0000 0.1099 -0.0635 0.0632 0.0000 -0.1554 -0.0635 0.0632 0.0049
0.901 5.99 2.00 0.9867 0.7085 0.0807 -0.1289 0.3644 0.5958 0.2406 -0.1192 0.4750 0.4038
0.902 5.99 3.02 0.9864 0.8520 0.0825 -0.1445 0.4429 0.7909 0.5884 -0.1409 0.7208 0.7440
0.903 5.95 5.02 0.9853 0.9284 0.0853 -0.i634 0.5284 0.8968 1.2917 -0.0810 0.7675 1.4404
0.904 5.99 7.00 0.9856 0.9460 0.0711 -0.1361 0.3349 0.9249 1.9934 0.1596 -0.0883 2.1553
0.903 6.00 9.05 0.9850 0.9463 0.0662 -0.1274 0.2501 0.9308 2.7155 0.3910 -0.8625 2.9175
0.903 -0.02 1.05 0.0000 0.0000 0.0892 -0.0852 -0.0137 0.0000 -0.1347 -0.0852 -0.0137 0.0049
0.902 0.02 1.54 1.0160 0.6332 0.0588 -0.0849 0.0123 0.4502 0.1119 -0.1002 0.0720 0.2485
0.902 0.00 2.03 0.9865 0.7186 0.0777 '0.1520 0.2961 0.6080 0.2502 -0.1813 0.4094 0.4114
0.901 -0.01 3.01 0.9864 0.8463 0.0830 -0.1599 0.3359 0.7851 0.5835 -0.2309 0.6127 0.7433
0.902 -0.04 4.03 0.9860 0.8918 0.0900 -0.1890 0.5607 0.8502 0.9296 -0.3396 1.0910 1.0934
0.902 -0.02 5.01 0.9851 0.9261 0.0897 '0,17_ 0.4289 0.8945 1.2892 -0.2413 0.6719 1.4411
0.899 0.00 7.01 0.9857 0.9547 0.0722 -0.1479 0.2241 0.9339 2.0378 -0.0720 -0.2084 2.1821
0.899 -0.01 9.05 0.9849 0.9601 0.0658 -0,I_06 0.1479 0.9446 2.7799 0.0808 -0.9741 2.9429
0.900 -6.01 1.07 0.0000 0.0000 0.1358 -0.2158 0.3330 0.0000 -0.1813 -0.2158 0.3330 0.0050
0.899 -6.00 2.07 0.9853 0.6496 0.1065 -0.19D9I.... 0.3183 0.5433 0.2326 -0.2804 0.4372 0.4282
0.899 -5.99 3.07 0.9860 0.7975 0.1123 -0.2078 0.3333 0.7379 0.5641 -0.3594 0.6266 0.7644
0.899 -6.03 5.07 0.9852 0.8976 0.1189 -0.2530 0.5465 0.8667 1.2738 -0.4680 0.7718 1.4698
0.899 -6.02 6.95 0.9853 0.9430 0.0937 -0.2152 0.3082 0.9219 1.9905 -0.3680 -0.1028 2.1591
0.899 -6.00 9.03 0.9848 0.9563 0.0845 -0.1978 0.2038 0.9408 2.7614 -0.2799 -0.9114 2.9352
0.798 -0.02 1.06 0.0000 0.0000 0.0644 -0.1471 0.1897 0.00013 -0.1108 -0.1471 0.1897 0.0057
0.799 0.01 2.10 0.9894 0.8115 0.0535 -0.1623 0.2771 0.7278 0.4032 -0.2020 0.4308 0.5541
0.799 -0.02 3.06 0.9864 0.8965 0.0605 40.1456 0.2284 0.8483 0.8184 -0.2404 0.5964 0.9647
0.801 -0.02 5.02 0.9863 0.9507 0.0670 -0.1863 0.4335 0.9255 1.6993 -0.2704 0.7375 1.8362
0.801 -0.02 6.98 0.9848 0.9701 0.0512 -0.1545 0.2182 0.9531 2.6002 -0.0631 -0.3111 2.7282
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Table 18. Internal and Aeropropulsive Characteristics for Nozzle 15
(a) Internal performance
M ALPHA NPR VP/VI FR/FI FJ/FI
0.0OO -0.02 1.55 1.0190 0.8094 0.8006
0.000 O.O1 2.01 0.9886 0.8557 O.8519
0.000 -0.01 2.49 0.9862 0.8999 0.8961
0.0OO 0.00 2.96 0.9859 0.9257 0.9226
0.000 0.02 3.46 0.9877 0.9421 0.9390
0.000 0.02 3.96 0.9871 0.9514 0.9484
0.000 0.01 4.47 0.9869 0.9598 0.9551
0.000 -0.03 4.99 0.9870 0.9637 0.9613
0.000 0.01 5.97 0.9869 0.9652 0.9616
0.0OO O.00 6.98 0.9871 0.9666 0.9592
DELTAP CFJ CFN CMJ CFI
-8,49 0.1141 -0.0170 0.0821 0.1425
-5.41 0.1962 -0.0186 0.0543 0.2303
-5.26 0.2890 -0.0266 0.0655 0.3225
-4.68 0.3806 -O.0311 0.0633 0.4125
-4.67 0.4786 -0.0391 0.0796 0.5097
-4.54 0.5770 -0.0459 0.0915 0.6084
-5.68 0.6800 -0.0676 0.1907 0.7120
-3.99 0.7862 -0.0548 0.I000 O.8178
-4.96 0.9793 -O.0851 O.2313 1.0184
-7.11 1.1804 -0.1472 0.5108 1.2307
(b) Aeropropulsive characteristics
M ALPHA NPR WP/WI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.602 5.81 1.01 0.00OO 0.00(30 0.0711 -0.2667 0.7809 0.0000 -0.i195 -O.2667 0.7809 0.0084
0.600 5.82 2.00 0.9878 O.8113 0.0404 -0.1809 0.3986 0.7578 0.6865 -O.1759 0.6159 0.9059
0.601 5.85 3.03 0.9877 0.9037 0.0386 -O.1863 0.4445 0.8750 1.4742 -0.1539 0.7022 1.6848
0.601 5.82 5.03 0.9880 0.9512 0.0367 -O.1804 0.4387 0.9363 3.0571 -0.0835 0.8523 3.2650
0.601 5.80 6.97 0.9871 0.9602 0.0294 -0.2662 0.9943 0.9502 4.6102 -0.3709 2.9939 4.8516
0.601 -O.19 1.00 0.0000 0.0000 0.0887 -0.2632 0,6013 0.0000 -0.1372 -0.2632 O.6013 0.0084
0.601 -0.16 1.54 1.0219 0.7523 0.0258 -0.2070 0.4119 0.6659 0.3736 -0.2754 0.7377 O.5610
0.601 -O.18 1.98 0.9887 0.7992 0.0454 -0.2069 0.3531 0.7450 0.6662 -0.2826 0.5733 0.8941
0.601 -0.15 3.00 0.9876 0.8937 0.0475 -0.2166 0.4179 0.8645 1.4349 -0.3454 O.6719 1.6598
0.601 -0.20 3.99 0.9866 0.9294 0.0479 -0.1597 0.1070 0.9094 2.2106 -0.3513 0.4726 2.4307
O.601 -0.15 5.04 0.9880 0.9459 0.0468 -0.1935 0.3220 0.9311 3.0453 -0.4252 0.7403 3.2706
0.600 -0.19 6.01 0.9870 0.9484 0.0521 -0.2202 0.5199 0.9365 3.8089 -0.5785 1.4766 4.0673
0.601 -0.19 7.02 0.9870 0.9466 O.0594 -0.2566 0.8224 0.9367 4.5878 -0.8635 2.8803 4.8980
0.600 -6.19 0.98 0.0OO0 0.0000 0.1848 -0.3420 0.8163 0.000(3 -0.2333 -0.3420 O.8163 0.0085
0.600 -6.18 2.00 0.9885 0.7101 0.1168 -0.3073 0.6692 0.6570 O.5991 -0.4643 0.8854 O.9119
0.601 -6.16 3.00 0.9869 0.8357 0.1233 -O.3159 0.7474 0.8066 1.3406 -0.6050 1.OO19 1.6621
O._00 -6.20 5.03 0.9883 0.9137 0.1098 -0.2786 0.5614 0.8989 2.9448 -0.8399 0.9765 3.2759
O. 99 -6.18 7.03 0.9872 0.9129 0.1349 -0.3682 1.1456 0.9031 4.4556 -1.4711 3.2256 4.9337
1.201 -0.19 0.75 0.0000 0.0000 0.2970 -0.2877 1.1642 0.00130 -0.3403 -0.2877 1.1642 0.0040
1.200 -0.18 1.54 1.0127 -0.5440 0.1873 -0.2147 0.8986 -0.8558 -0.1188 -0.2319 0.9806 0.1388
1.199 -0.19 2.02 0.9833 -0.1120 0.2233 -0.2569 1.0241 -0.2999 -0.0691 -0.2761 1.0771 0.2304
1.199 -0.20 3.99 0.9875 0.5881 0.2198 -0.2363 0.9361 0.5171 0.3157 -0.2844 1.0278 0.6104
1.199 -0.20 6.03 0.9872 0.7559 0.2100 -0.3115 1.3946 0.7136 0.7310 -0.4030 1.6413 1.0243
1.200 -0.20 7.99 0.9882 0.8320 0.1752 -0.2025 0.9353 0.8018 1.1489 -0.4148 1.7169 1.4331
1.200 -0.20 9.99 0.9876 0.8841 0.1172 0.0445 -0.2863 0.8608 1.5982 -0.2907 1.0392 1.8567
1.199 -0.19 12.00 0.9870 0.9137 0.O612 0.2773 -1.4782 0.8948 2.0542 -0.1826 O.4015 2.2957
0.947 -0.18 0.99 0.0000 0.0000 O.1537 -0.2690 0.7823 0.000(3 -0.1990 -0.2690 0.7823 0.0047
0.949 -0.17 2.00 0.9896 0.5705 0.1015 -0.2131 0.5585 0.4458 0.1618 -0.2435 0.6456 0.3629
O.951 -0.16 3.01 0.9874 0.7547 0.1123 -0.2272 0.6278 0.6869 0.4585 -0.2792 0.7300 0.6674
0.951 -0.18 5.04 0.9876 0.8715 O.1167 -0.2708 0.9248 0.8369 1.0952 -0.3643 1.O929 1.3087
0.949 -0.18 6.98 0.9873 0.9067 0.I011 -0.2178 0.7107 0.8834 1.7208 -0.4562 1.5166 1,9479
0.951 -O.20 9.01 0.9871 0.9254 0.0686 -0.1122 0.3284 0.9081 2.3838 -0.5502 2.0157 2.6249
0.898 5.84 1.02 0.00OO 0.0OO0 0.0817 -0.2605 0.7956 0.O000 -O.1275 -O.2605 0.7956 0.0050
0.899 5.83 2.01 0.9898 0.7425 0.0461 -O.1912 0.4920 0.6310 0.2585 -0.1886 0.5875 0.4097
0.898 5.83 2.99 0.9885 0.8587 0.0489 -0.1931 0.4735 0.7972 0.5928 -0.1791 0.5873 0.7436
0.900 5.83 5.03 0.9879 0.9255 0.0539 -0.2291 0.7205 0.8941 1.3015 -0.1856 0.9055 1.4556
0.899 5.80 7.00 0.9878 0.9443 0.0466 -0.2302 0.8364 0.9234 2.0175 -0.2795 1.7478 2.1848
0.897 5.80 8.96 0.9868 0.9565 0.0224 -0.0802 0.2310 0.9409 2.7562 -0.2728 2.1040 2.9293
0.902 -0.20 1.00 0.0000 0.0000 0.1172 -0.2752 0.6721 0.000(3 -0.1628 -0.2752 0.6721 0.0050
0.902 -0.15 1.54 1.0165 0.5775 0.0559 -0.2094 0.4574 0.3939 0.0979 -0.2398 0.6016 0.2485
0.903 -0.18 2.04 0.9885 0.6893 0.0680 -0.2243 0.4705 0.5789 0.2392 -0.2582 0.5625 0.4132
0.903 -0.16 3.02 0.9881 0.8271 0.0710 -0.2304 0.5016 0.7658 0.5694 -0.2884 0.6153 0.7435
0.899 -0.19 4.02 0.9880 0.8836 0.0712 -0.1939 0.2779 0.8421 0.9269 -0.2803 0.4431 1.1OO7
0.898 -0.19 4.99 0.9873 0.9063 0.0791 -0.2550 0.6732 0.8747 1.2672 -0.3575 0.8512 1.4487
0.900 -0.17 6.99 0.9876 0.9258 0.0705 -0.2427 0.7339 0.9048 1.9649 -0.5091 1.6364 2.1717
0.896 -0.19 9.00 0.9869 0.9411 0.0313 -0.0969 0.1549 0.9256 2.7294 -0.5878 2.0478 2.9487
0.898 -6.19 0.98 0.0000 0.0000 0.2134 -0.3956 1.0694 O.0OOO -0.2591 -0.3956 1.0694 0.0050
0.899 -6.19 2.02 0.9882 0.5138 0.1343 -0.3159 0.6794 0.4029 0.1659 -0.3866 0.7737 0.4118
0.898 -6.18 3.02 0.9879 0.7194 0.1429 -0.3336 0.7714 0.6586 0.4947 -0.4644 0.8862 0.7511
0.899 -6.18 5.03 0.9872 0.8529 0.1393 -0.3297 0.7834 0.8217 1.2004 -0.5800 0.9695 1.4609
0.897 -6.19 6.98 0.9877 0.8756 0.1410 -0.3670 1.1121 0.8547 1.8680 -0.8525 2.0166 2.1855
0.896 -6.20 8.98 0.9869 0.9021 0.0798 -0.2047 0.3723 0.8865 2.6105 -0.9853 2.2599 2.9447
0.802 -0.18 I.O0 0.0000 0.0000 0.0991 -0.2744 0.6320 0.0000 -0.1457 -0.2744 0.6320 0.0057
0.803 -0,17 2.01 0.9892 0.7540 0.0499 -0.2204 0.4086 0.6630 0.3391 -0.2628 0.5284 0.5114
0.802 -O.17 3.00 0.9897 0.8664 0.0508 -0.2175 0.3825 0.8167 0.7656 -0.2905 0.5256 0.9374
0.799 -0.15 5.04 0.9885 0.9313 0.0530 -0.2216 0.4516 0.9062 1.6810 -0.3533 O.6901 1.8551























































































































M ALPHA NPR VPIVI FR/FI FJIFI DELTAP CFJ CFN CMJ CFI
0.000 0.07 1.52 1.0192 0.9216 0,9142 -7.25 0.1248 -0.0159 0.0627 0.1365
0.000 0.08 2.03 0.9829 0.9530 0,9495 -4.95 0.2192 -0.0190 0.0621 0.2308
0,000 0.i0 2.51 0.9815 0.9702 0,9678 -4.04 0.3099 -0.0219 0.0624 0.3202
0.000 0.ii 2.98 0.9811 0.9780 0,9766 -3,04 0.3989 -0.0212 0.0481 0.4084
0.000 0.22 3.45 0.9822 0.9781 0.9739 -5.28 0.4880 -0.0451 0.1503 0.5011
0.000 0.32 3.96 0.9818 0.9830 0.977_ -5:81 0.5855 -0.0596 0.2100 0.5987
0.000 0.37 4.47 0.9819 0.9861 0.9812 -5.72 0.6866 -0.0688 0.2483 0.6997
O.000 0.31 4.98 0.9813 0.9884 019862 -3.82 0.7914 -0.0528 0.1653 0.8025
0.000 0.17 6.00 0.9825 0.9908 0.9906 -0.87 0.9995 -0.0152 -0.0300 1.0089
0.000 0.03 6.97 0.9824 0.9885 0.9883 1.03 1.1936 0.0214 -0.2134 1.2078
(b) Aeropropulsive characteristics
NPR UP/V1 F-DN/FI CDN _ CMCN F-DIFI C(F-D) CL CM CFI
1.04 0.0000 0.0000 0.0488 -0.1768 0.4953 0.0000 -0.0971 -0.1768 0.4953 0.0085
2.02 0.9813 0.8964 0.0547 -0.1795 0.5253 0.8432 0.7667 -0.1625 0.7629 0.9093
3.04 0.9810 0.9502 0.0428 -0.1555 0.4162 0.9211 1.5320 -0.0790 0.6471 1.6631
5.00 0.9817 0.9737 0.0439 -0.2165 0.7309 0.9585 3.0638 -0.0955 1.3584 3.1964
7.02 0.9810 0.9764 0.0271 -0:168_ 0,4712 0.9664 4.6640 0.4230 -0.4152 4,8262
1.03 0.0000 0.0000 0.0707 -0.2067 0.4493 0.0000 -0.I191 -0.2067 0.4493 0.0085
1.50 1.0260 0.8249 0.0446 -0:208r8 .... 02"4814 0.7325 0.3840 -0.2706 0.7278 0.5242
2.03 0.9815 0.8726 0.0741 -0.2152 0.5175 0.8199 0.7530 -0.2896 0.7558 0.9184
3.02 0.9815 0.9381 0.0606 -0.1995 0.4258 0.9088 1.5039 -0.2900 0.6436 1.6547
3,98 0.9811 0.9478 0.0748 -0.2044 0.4803 0.9276 2.2276 -0.4461 1.3340 2,4014
4.97 0.9819 0.9633 0.0708 -0.2463 0.6849 0.9480 3.0118 -0.4584 1.3445 3.1769
5.98 0.9813 0.9751 0.0662 -0,2158 _.5358 0.9629 3.8122 -0.2813 0.4347 3.9592
7.03 0.9815 0.9786 0.0498 -0.1978 0.4351 0.9686 4.6805 -0.1038 -0.4604 4.8323
1.03 0.0000 0.000(3 0.1356 -0.2708 0.5583 0.0000 -0.1840 -0.2708 0.5583 0.0084
2.01 0.9824 0.7996 0.1239 -0.2710 0.5835 0.7456 0.6702 -0.4340 0.8228 0.8988
3.01 0.9823 0.8971 0.1099 _Of5044 0.8680 1.4495 -0.5176 0.7204 1.6698
4.98 0.9824 0.9355 0.1196 -0.3037 O.7416 0.9203 2.9441 -0.8434 1.4026 3.1990
6.94 0.9809 0.9676 0.0891 -0.2571 0.4966 0.9574 4.5688 -0.6693 -0.3325 4.7721
0.86 0.00(30 0.0000 0.3259 -0.2416 0,9836 0.0000 -0.3692 -O.2416 0.9836 0.0041
1.49 1.0194 -1.0435 0.2515 -0.1784 0.7416 -1.3807 -0.1772 -0.1939 0.8030 0.1283
2.02 0.9769 -0.2915 0.2831 -0.1r29_ -0.9358 -0.4825 -0.1093 -0.2480 0.9953 0.2266
3.99 0.9837 0.5156 0.2778 -0.2439 0.9660 0.4437 0.2675 -0.3048 1.1803 0.6028
6.04 0.9825 0.7434 0.2494 -0.1588 0.6016 0.7005 0.7068 -0.1726 0.5647 1.0090
7.96 0.9822 0.8255 0.2237 -0.1533 0.5167 0.7946 1.1143 -0.0954 0.1186 1.4023
9.96 0.9819 0.8655 0.2040 -0.1q_6(Y O._612 0.8418 1.5354 -0.0124 -0.3147 1.8240
11.98 0.9814 0.8853 0.1910 -0.1308 0.4280 0.8661 1.9528 0.0791 -0.7293 2.2547
1.00 0.0000 0.0000 0.1504 -0.0323 -0.1335 0.0000 -0.1957 -0.0323 -0.1335 0.0048
2.01 0.9846 0.5711 0.1363 -_ 023559 0.4455 0.1606 -0.1532 0.4512 0,3604
2,98 0,9857 0.7539 0.1416 -0.1587 0.5135 0.6846 0.4475 -0.1914 0.5823 0.6537
5.01 0.9823 0.8760 0.1411 -0.1451 0.4267 0.8409 1.0848 -0.2292 0.6784 1.2901
6.97 0.9826 0.9222 0.1267 20/1326 0.2592 0.8986 1.7272 -0.0980 -0.0806 1.9221
8.97 0,9818 0.9351 0.1191 -0,1282 0.2294 0.9176 2.3624 0.0264 -0.7101 2.5747
1.01 0.0000 0.0000 0.1228 2020741 -- 0._405 0.01300 -0.1685 -0.0741 0.1405 0.0050
2.02 0.9872 0.6954 0.1023 -0.1518 0.5324 0.5815 0.2331 -0.1445 0.6371 0.4008
3.00 0.9853 0.8371 0.0982 -0.1715 0.6155 0.7746 0.5667 -0.1366 0.7083 0.7315
5.02 0.9819 0.9166 0.1006 -O.q_13 0.6572 0.8846 1.2625 -0.1269 0.9320 1.4272
6.98 0.9828 0.9402 0.0858 -0.1559 0.4479 0.9187 1.9546 0.1018 0.0684 2.1276
9.04 0.9815 0.9441 0.0737 -0.1462 0.3771 0.9281 2.6651 0.3224 -0.6839 2.8715
1.03 0.0000 0.0000 0.1096 -0.1045 0.1028 0.0000 -0.1553 -0.1045 0.1028 0.0050
1.54 1.0100 0.5548 0.0893 -0.1625 0.4002 0.3685 0.0904 -0.1903 0.5089 0.2452
2.02 0.9866 0.6837 0.1070 -0.1915 0.5317 0.5708 0.2311 -0.2244 0.6372 0.4048
3.00 0.9844 0.8285 0.1047 -0.2023 0.5736 0.7660 0.5597 -0.2419 0.6664 0.7307
4.03 0.9845 0.8734 0.1114 -0.2330 0.7226 0.8312 0.9005 -0.3372 1.0860 1.0833
5.04 0.9828 0.9083 0.ii01 -0.2128 0.6315 0.8765 1.2607 -0.3037 0.8985 1.4382
6.98 0.9828 0.9451 0.0912 -0.1838 0.4062 0.9236 1.9688 -0.1460 0.0265 2.1317
9.03 0.9820 0.9544 0.0770 -0.1748 0.3396 0.9386 2.7126 0.0002 -0.7254 2.8902
1.06 0.0000 0.00130 0.1951 -0.Y/B_ 0.826i 0.0000 -0.2407 -0.3288 0.8261 0.0050
2.03 0.9854 0.5337 0.1638 -0.3198 0.7971 0.4216 0.1717 -0.3931 0.9026 0.4074
3.01 0.9847 0.7390 0.1630 -0.3263 0.8200 0.6769 0.4981 -0.4411 0.9162 0.7358
5.01 0.9822 0.8557 0.1684 -0.3669 0.9952 0.8238 1.1810 -0.6074 1.2732 1.4336
6.97 0.9825 0.9176 0.1427 -0.3408 0.8257 0.8961 1.9084 -0.5244 0.4488 2.1295
9.03 0.9820 0.9415 0.1170 -0.3262 0.6927 0.9256 2.6708 -0.4484 -0.3721 2.8854
1.05 0.0000 0.0000 0.0815 -0,2158 0.4660 0.0000 -0.1281 -0.2158 0.4660 0.0057
2.01 0.9857 0.8055 0.0719 -0.2341 0.5806 0.7130 0.3587 -0.2753 0.7132 0.5031
3.01 0.9845 0.8947 0.0716 -0.2369 0.5934 0.8445 0.7839 -0.2880 0.7149 0.9283
4.99 0.9826 0.9418 0.0771 -0.2714 0.7605 0.9158 1.6356 -0.3892 1.1266 1.7861

























NPR WP/UI FR/FI FJ/FI DELTAP CFJ CFN CMJ
1.57 1.0130 0.9571 0.9565 -2.01 0.1383 -0.0048 0.0088
2.02 0.9801 0.9778 0.9771 -2.15 0.222i -0.0084 0.0113
2.55 0.9814 0.9852 0.9846 -2.02 0.3229 -0.0114 0.0133
3.04 0.9803 0.9879 0.9870 -2.44 0.4143 -0.0177 0.0349
3.53 0.9818 0.9893 0.9893 -0.44 0.5089 -0.0039 -0.0496
4.01 0.9820 0.9885 0.9884 -0.88 0.6028 -0.0093 -0.0308
4.50 0.9817 0.9855 0.9845 -2.61 0.6944 -0.0316 0.0839
4.98 0.9817 0.9815 0.9789 -4.16 0.7853 -0.0572 0.1966
6.03 0.9836 0.9768 0.9752 -3.24 0.9912 -0.0561 0.2083













M ALPHA N'PR _/P/UI F-DN/FI C[_ CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.600 0.00 1.02 0.(3000 0.0000 0.0657 -0.1795 0.1578 0.000(3 -0.i137 -0.1795 0.1578 0.0084
0.600 0.00 1.47 1.0221 0.8800 0.0429 -0.1439 0.0725 0.7828 0.3878 -0.1600 0.1053 0.4953
0.601 0.01 2.03 0.9789 0.9134 0.0607 -0.1494 0.0980 0.8607 0.7853 -0.1830 0.1432 0.9124
0.600 -0.02 3.04 0.9806 0.9528 0.0563 -0.1567 0.1240 0.9238 1.5364 -0.2273 0.2624 1.6631
0.600 0.02 3.97 0.9796 0.9658 0.0604 -0.1239 -0.0636 0.9455 2.2491 -0.1617 -0.1734 2.3786
0.599 0.01 4.97 0.9.815 0.9615 0.0563 -0.1600 0.2149 0.9463 3.0038 -0.3832 0.9788 3.1743
0.599 0.01 5.98 0.9810 0.9620 0.0631 -0.1571 0.2431 0.9499 3.7856 -0.3799 1.0684 3.9852
0.601 -0.03 6.98 0.9818 0.9639 0.0566 -0.1622 0.2671 0.9539 4.5693 -0.2392 0.5084 4.7903
0.798 -0.02 1.04 0.0000 0.0000 0.0768 -0.1970 0.1906 0.0000 -0.1228 -0.1970 0.1906 0.0057
0.800 0.01 2.05 0.9848 0.8531 0.0634 -0.1591 0.1003 0.7649 0.3995 -0.1783 0.1259 0.5223
0.802 -0.03 3.02 0.9819 0.9228 0.0578 -0.1599 0.1037 0.8730 0.8078 -0.2000 0.1841 0.9253
0.800 0.01 4.96 0.9813 0.9459 0.0599 -0.1559 0.1538 0.9199 1.6346 -0.2800 0.5773 1.7770
0.800 -0.02 6.97 0.9818 0.9544 0.0578 -0.1691 0.2531 0.9373 2.5258 -0.2132 0.3946 2.6948
0.900 -0.01 1.02 0.000(3 0.0000 0.1096 -0.2049 0.2916 0.0000 -0.1548 -0.2049 0.2916 0.0049
0.900 0.00 1.49 1.0232 0.6248 0.0768 -0.1489 0.1112 0.4273 0.0980 -0.1563 0.1260 0.2294
0.900 0.02 2.05 0.9835 0.7620 0.0883 -0.1573 0.1425 0.6524 0.2696 -0.1725 0.1628 0.4132
0.900 0.01 3.00 0.9815 0.8653 0.0880 -0.1551 0.1167 0.8032 0.5868 -0.1867 0.1822 0.7305
0.900 0.00 4.03 0.9811 0.9083 0.0872 -0.1188 -0.0977 0.8664 0.9361 -0.1350 -0.1537 1.0805
0.899 0.00 4.98 0.9811 0.9208 0.0829 -0.1453 0.1389 0.8888 1.2562 -0.2455 0.4824 1.4134
0.901 -0.02 6.97 0.9822 0.9370 0.0817 -0.1857 0.3640 O.9156 1.9456 -0.2203 O.4751 2.1250
0.900 0.00 9.03 0.9821 0.9442 0.0731 -0.1003 -0.2218 0.9285 2.6816 0.0095 -0.6763 2.8880
0.950 -0.01 0.99 0.0000 0.000(3 0.1485 -0.1936 0.4125 0.0000 -0.1935 -0.1936 0,4125 0.0047
0.951 0.00 2.02 0.9836 0.6431 0.1197 -O.1490 0.2486 O.5184 0.1870 -0.1623 0.2665 0.3608
0,949 -0.02 3.00 0.9834 0.7984 0.1217 -0.1514 0.2233 0.7299 0.4791 -O.1802 0.2827 0.6564
O.950 0.01 5.03 0.9823 0.8871 0.1165 -0.1341 0.2215 O.8521 1.0945 -0.2280 0.5496 1.2845
0.950 -0.03 6.99 0.9828 0.9166 0.1117 -0.1817 0.4437 0.8931 1.7126 -0.2120 0.5393 1.9177
0.951 0.00 9.02 0.9824 0.9288 0.1045 -0.1035 -0.1260 0.9114 2.3563 -0.0062 -0.5304 2.5853
1,200 -0.03 0.79 0.00(30 0.O0(D 0.2806 -0.2015 0.5941 0,0000 -0.3237 -0.2015 0.5941 0.0040
1,200 -0.01 1.51 1.0169 -O.5751 0.2029 -O.1312 0.3423 -0,9022 -0.1191 -0.1356 0.3508 0.1320
1.201 0.00 2.07 0.9828 0.0574 0.2164 -0.1531 0.4415 -0.1262 -0.0297 -0.1618 0.4530 0.2353
1,200 -0.02 4.01 0.9836 0.6372 0.2113 -0.1683 0.5470 0.5657 0.3420 -0.1779 0.5171 0.6045
1.200 -0.01 6.03 0.9827 0.7933 0.1839 -0.0990 0.2813 0.7503 0.7547 -0.1549 0.4877 1.O059
1.199 0.00 7.96 0.9830 0.8523 0.1681 -0.0484 -0.0719 0.8215 1.1530 -0.0290 -0.1614 1.4035
1.200 0.01 9.99 0.9828 0.8775 0.1608 0.0222 -0.5258 0.8539 1.5602 0.1216 -0.9286 1.8273
1.200 0.02 12.02 0.9827 0.8883 0.1588 0.1047 -1.0459 0.8692 1.9622 0.2839 -1.7616 2.2575
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Table 21. Internal and Aeropropulsive Characteristics for Nozzle 18
(a) Internal performance
M ALPHA NPR _/P/WI FR/FI
0.000 0.09 1.50 1.0266 0.8765
0.000 0.17 2.01 0.9854 0.8732
0.000 0.27 2.52 0.9857 0.9093
0.000 0.38 2.98 0.9846 0.9300
0.000 0.54 3.48 0.9853 0.9450
0.000 0.71 3.98 0.9856 0.9630
0.000 0.72 4.48 0.9844 0.9699
0.000 0.72 5.01 0.9843 0.9748
0.000 0.68 6.00 0.9846 0.9780





































FJ/FI _ DELTAP CFJ CFN . CMJ CFI
0.8737 -4.53 0.1161 -0.0092 0.0778 0.1329
0.8654 -7.66 0.1980 -0.0266 0.1504 0.2287
0.8997 -8.30 0.2932 -0.0428 0.2411 0.3259
0.9182 -9.14 0.3808 -0.0612 0.3389 0.4147
0.9271 -II.15 0.4742 -0.0935 0.4931 0.5115
0.9360 -13.60 0.5704 -0.1380 0.6640 0.6094
0.9508 -11.38 0.6746 -0.1358 0.6657 0.7095
0.9622 -9.24 0.7845 -0.1277 0.6474 0.8154
0.9724 -6.15 0.9899 -0.1067 0.5835 1.0180
0.9781 -3.90 1.2008 -0.0819 0.5064 1.2276
(b) Acropropulsive characteristics
gP/UI F-DN/FI CDN CLCN ...... CMCN F-D/FI C(F-D) CL CM CFI
0.0000 0.0000 0.2526 0.1580 -0.6427 0.0000 -0.2956 0.1580 -0.6427 0.0040
0.9881 -0.8228 0.2176 0.1453 -0.5665 -I.1659 -O.1465 0.1365 -0.4901 0.1256
0.9768 -0.0910 0.2218 0.2059 -0.8236 -0.2785 -0.0641 0.1785 -0.6704 0.2300
0.9845 0.6013 0.2045 0.1226 -0.3357 0.5304 0.3229 -0.0162 0.3312 0.6088
0.9823 0.7722 0.2039 0.i695 -0.5585 0.7293 0.7340 0.0637 0.0194 1.0065
0.9837 0.8429 0.1941 0.1762 -0.6067 0.8126 1.1599 0.1183 -0.1775 1.4273
0.9829 0.8819 0.1771 O.1708 -0.5960 0.8584 1.5791 0.1617 -0.3176 1.8395
0.9831 0.9041 0.1602 0_1618 -0.5631 0.8853 2.0295 0.2025 -0.4416 2.2926
0.0000 0.0000 0.1676 0.0993 -0.6424 0.0000 -0.2128 0.0993 -0.6424 0.0047
0.9839 0.5886 0.1018 0.1530 -0.8524 0.4650 0.1700 0.1100 -0.6111 0.3657
0.9840 0.7347 0.1227 -0.0604 0.1533 0.6665 0.4420 -0.1610 0.7038 0.6631
0.9840 0.8729 0.1152 -0.0514 0.2138 0.8378 1.0797 -0.2538 1.2378 1.2887
0.9843 0.9252 0.1008 -0.0081 -0.0129 0.9019 1.7525 -0.1382 0.7855 1.9431
0.9832 0.9466 0.0845 0.0236 -0.1740 0.9292 2.4152 -0.0315 0.3926 2.5991
0.0000 0.0000 0.0820 0.0750 -0.5888 0.0000 -0.1277 0.0750 -0.5888 0.0050
0.9902 0.6522 0.0573 0.0568 -0.5072 0.4531 0.1038 0.0403 -0.3681 0.2291
0.9834 0.7303 0.0551 0.1744 -1.0123 0.6166 0.2475 0.1277 -0.7480 0.4014
0.9852 0.8303 0.0646 -0.0358 -0.0810 0.7684 0.5658 -0.1464 0.5256 0.7364
0.9840 0.8748 0.0680 -0.0527 0.1459 0.8325 0.8994 -0.2995 1.3303 1.0803
0.9819 0.9164 0.0680 ,0.0360 0.0885 0.8845 1.2669 -0.2638 1.2376 1.4324
0.9838 0.9548 0.0492 0.0099 -0.1536 0.9337 2.0186 -0.1355 0.7371 2.1621
0.9830 0.9686 0.0311 0.0395 -0.2891 0.9529 2.7638 -0.0209 0.3401 2.9005
0.0000 0.0000 0.0781 0.0839 -0.5783 0.0000 -0.1246 0.0839 -0.5783 0.0056
0.9857 0.7688 0.0509 0.2358 -1.2270 0.6803 0.3578 0.1734 -0.8795 0.5259
0.9854 0.8598 0.0547 -0.0194 -0.1140 0.8101 0.7590 -0.1600 0.6598 0.9370
0.9841 0.9310 0.0563 -0.0173 0.0649 0.9053 1.6393 -0.3026 1.5065 1.8109
0.9835 0.9626 0.0415 0.0333 -0.1896 0.9455 2.5834 -0.1524 0.9447 2.7322
0.0000 0.0000 0.0822 0.0857 -0.5622 0.0000 -0.1310 0.0857 -0.5622 0.0084
1.0172 0.7841 0.0484 0.1095 -0.6781 0.6950 0.3799 0.0696 -0.3542 0.5465
0.9850 0.8217 0.0404 0.2907 -1.4125 0.7683 0.6995 0.1838 -0.8128 0.9105
0.9848 0.8863 0.0544 -0.0225 -0.0968 0.8571 1.4303 -0.2743 1.2861 1.6688
0.9841 0.9121 0.0618 -0.0331 0.1427 0.8921 2.1773 -0.5924 2.8187 2.4406
0.9850 0.9426 0.0588 -0.0091 0.0689 0.9275 2.9817 -0.5183 2.6330 3.2149
0.9840 0.9595 0.0545 0.0271 -0,0763 0.9474 3.8272 -0.3999 2.2399 4.0395
0.9840 0.9697 0.0375 0.0476 -0.1841 0.9598 4.7082 -0.2818 1.8399 4.9054
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Table 22. Internal and Aeropropulsive Characteristics for Nozzle 19
(a) Internal performance
M ALPHA NPR _'P/VI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
O.0OO -O.O4 1.50 1.0318 0.8609 0.8588
0.000 0.02 2.03 0,9866 0.9067 0.9062
0.000 0.02 2.55 0.9860 0.9400 0.9396
0.000 O.00 3.01 0.9852 0.9554 0.9545
0.0OO O.01 3.48 0.9870 0.9666 0,9656
0.000 -0.01 3.96 0.9863 0.9808 0.9808
O.000 -O.02 4.47 0.9855 0.9861 0.9859
0.0OO 0.01 4.97 0.9851 0.9813 0.9811
0.000 -0.02 6.02 0.9858 0.9788 0.9769
0.0OO -0.03 7,02 0.9844 0.9776 O,9751
-4.05 0.1137 -0.O081 0.0598 0.1324
-1.97 0.2109 -0.0073 0.0600 0.2327
-1.78 0.3113 -0.0097 0.0774 0.3313
-2.48 0.3999 -O.0173 0.1285 0.4189
-2.56 0.4950 -O.0221 0.1659 0.5126
0.44 0.5954 0.0045 0.0260 0.6071
1.12 0.6982 0.0137 -0.0223 0.7082
-1.18 0.7923 -0.0164 0.1632 0.8076
-3.54 1.0014 -0.0620 0.4435 1.0250
-4.14 1.1997 -0.0868 0.5968 1.2304
(b) Aeropropulsive characteristics
M ALPHA NPR WP/gI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.602 5.99 1.98 0.9858 0.8259 0.0679 0.0526 -O.4168 0.7711 0.6814 0.1071 -0.1803 0.8837
0.601 6.01 3.01 0.9849 0.9233 0.0519 0.0312 -0.2833 0.8942 1.4894 0.1306 0.2216 1.6657
0.600 6.00 4.97 0.9860 0.9630 0.0447 -0.0257 0.0544 0.9478 3.0381 0.2378 0.7029 3.2052
0.599 5.96 7.02 0.9847 0.9692 0.0375 0.0582 -0.I027 0.9593 4.7034 0.2104 2.2752 4.9030
0.601 -0.02 1.01 0.0000 0.000(3 0.0634 -0.0361 -0.1776 0.000(3 -0.Ii19 -0.0361 -O.1776 0.0084
0.600 0.03 1.55 1.0183 0.8000 0.0365 -0.0083 -0.2610 0.7140 0.4027 -0.0399 -0.0236 0.5640
0.600 0.02 2.06 0.9878 0.8542 0.0499 -0.0205 -0.2507 0.8031 0.7626 -0.0490 -0.0124 0.9496
0.600 -0.03 3.04 0.9859 0.9299 0.0434 -0.0389 -0.1528 0.9012 1.5237 -0.1052 0.3420 1.6908
0.600 -0.02 3.97 0.9848 0.9578 0.0591 -0.0029 -0.3431 0,9376 2.2580 0.0146 -0.2412 2.4083
0.601 0.00 4.99 0.9857 0.9665 0.0444 -0.0683 0.0510 0.9515 3.0617 -0.1350 0.7088 3.2179
0.600 -0.01 6.01 0.9853 0.9671 0.0421 -0.0775 0.1824 0.9551 3.8651 -0.3223 1.9300 4.0469
0,600 -0.04 7.00 0.9847 0.9690 0.0283 -0.0094 0.0317 0.9590 4.6568 -0.3540 2.3810 4.8561
0.597 -6.02 1.00 0.0000 0.000(3 0.0979 -0.1063 -0.0027 0,0000 -0.1465 -0.1063 -0.0027 0.0085
0.601 -5.99 2.01 0.9850 0.8i32 0.0774 -0.07i3 -0.1758 0.7597 0.6896 -0.1860 0.0613 0.9076
0.602 -5.99 3.04 0.9870 0.90i2 0.0740 -0.0988 -0.0242 0.8723 1.4668 -0.3314 0.4694 1.6816
0.597 -6.01 5.02 0.9863 0.9485 0.0770 -0.1314 0.1808 0.9337 3.0626 -0.5421 0.8899 3.2803
0.599 -6.02 7.04 0.9851 0.9512 0.0509 -O.0521 0.0496 0.9413 4.6207 -0.8986 2.4319 4.9089
0.801 -0.02 1.02 0.0000 0.0000 0.0703 -0.0305 -0.2429 0.000(3 -0.I167 -0.0305 -0,2429 0.0057
0.801 0.03 2.00 0.9877 0.8054 0.0502 -0.0148 -0.3184 0.7142 0.3642 -0.0309 -0.1848 0.5099
0.799 0.01 3.02 0.9859 0.9033 0.0483 -0.0373 -0.1952 0.8540 0.8048 -0.0752 0.0894 0.9425
0.800 0.01 4.97 0.9855 0.9559 0.0446 -0.0625 -0.0334 0.9302 1.6831 -0.0993 0.3338 1.8094
0.801 -0.01 7.04 0.9852 0.9629 0.0312 -0.0038 -0.1066 0.9459 2.6037 -0.1988 1.2299 2.7525
1.205 0.00 0,88 0.0000 0.0000 0.2162 0.0300 -0.1975 0.0000 -0.2595 0.0300 -0.1975 0.0040
1.200 0.04 1.50 1.0265 -0.4372 0.1698 0.1034 -0.5238 -0.7692 -0.1005 0.0955 -0.4645 0.1306
1.200 0.01 2.03 0.9806 0.1469 0.1762 0.0404 -0.2128 -O.0415 -0.0095 0.0332 -0.1533 0.2303
1.200 0.00 4.00 0.9866 0.6970 0.1733 -0.0012 0.0324 0.6258 0.3818 0.0042 0.0539 0.6101
1.201 0,01 6.02 0.9860 0.8306 0.1483 0.0812 -0.3318 0.7878 0.7992 0.0200 0.1069 1.0145
1.200 -0.02 7.96 0.9858 0.8775 0.1309 0.2011 -0.8914 0.8469 1.2007 O.0913 -0.1566 1.4178
1.200 0.01 10.02 0.9860 0.9003 0.1126 0.3644 -1.6984 0.8768 1.6248 0.2048 -O.65OO 1.8531
1.200 0.02 12.03 0.9850 0.9011 0.1208 0.5636 -2.6659 0.8820 2.0143 0.3545 -1.3107 2.2837
0.949 0.00 1.05 0.0000 0.0000 0.0888 -0.0199 -0.3206 O.0OO0 -0.1343 -0.0199 -0.3206 0.0047
O.951 -0.01 2.00 0.9879 0.7198 0.0664 -0.0253 -0.2457 0.5941 0.2147 -0.0369 -0.1509 0.3613
0.949 0.00 3.01 0.9879 0.8553 0.0649 -0.0329 -0.2368 0.7874 0.5263 -0.0601 -0.0343 0.6684
0.952 0.01 5.02 0.9864 0.9341 0.0588 -0.0181 -0.2474 0.8990 1.1631 -0.0477 0.0345 1.2937
0.949 -0.02 7.00 0.9867 0.9500 0.0445 -0.0192 -0.0569 0_9267 i.8056 -O.1564 0.8837 1.9483
0.952 -0.04 9.04 0.9856 0.9623 0.0083 0.1977 -1.0089 0.9449 2.4716 -0.0202 O.4215 2.6157
0.902 6.00 1.03 0.0000 0.000(3 0.0912 0.0143 -0.3645 0.0000 -0.1370 0.0143 -0.3645 0.0050
0.899 6.02 2.01 0.9884 0.7280 0'0706 0.0381 -0.4665 0.6151 0.2496 0.0636 -0.3604 0.4059
0.898 6.00 3.01 0.9873 0.8702 0.0606 0,0209 -0.3484 0.8085 0.6007 0.0645 -0.1210 0.7430
0.899 6.00 5.03 0.9861 0.9433 0.0487 -0.0411 0.0651 0.9118 1.3242 0.0736 0.3856 1.4523
0.901 5.99 6.99 0.9863 0.9550 0.0440 0.0613 -0.2678 0.9337 2.0135 0.1298 0.7730 2.1564
0.901 5.99 9.00 0.9850 0.9572 0.0361 0.3108 -1.4307 0.9414 2.7318 0.3653 0.1542 2.9018
0.902 -0.01 1.03 0.0000 0.0000 0.0717 -0.0307 -0.2965 0.000(3 -0.1175 -0.0307 -0.2965 0.0050
0.904 0.01 1.53 1.0184 0.7138 0.0369 -0.0008 -0,4046 0.5251 0.1274 -0.0148 -0.3000 0.2426
0.901 0.02 2.06 0.9890 0.7940 0.0473 -0.0247 -0.3063 0.6857 0.2899 -0.0374 -0.2007 0.4228
0.900 -0.01 2.99 0.9873 0.8879 0.0469 -0.0260 -0.3046 0.8255 0.6061 -0.0573 -0.0747 0.7343
0.902 -0.01 4.03 0.9875 0.9341 0.0507 -0.0562 -0.1196 0.8921 0.9738 -0.0456 -0.0871 1.0916
0.899 0.01 4.97 0.9855 0.9498 0.0441 -0.0492 -0.1472 0.9177 1.3118 -0.0780 0.1425 1.4295
0.897 -0.0i 6.96 0.9862 0.9599 0.0294 -0.0155 -0.0941 0.9387 2.0342 -O.1676 0.9496 2.1669
0.901 -0.02 9.03 0.9853 0.9683 -0.0070 0.2324 -1.2265 0.9526 2.7768 -0.0093 0.3674 2.9151
0.899 -6.02 1.01 0.000(3 0.000(3 0.0999 -0.0813 -0.1724 0.0000 -0.1458 -O.0813 -O.1724 0.0050
0.900 -5.98 2.01 0.9880 0.7283 0.0682 -0.0592 -0.2955 0.6157 0.2505 -O.1104 -O.1898 0.4069
0.900 -5.99 3.02 0.9869 0.8546 0.0666 -0.0871 -0.1471 0.7930 O.5901 -O.1911 0.0779 0.7442
0.900 -6.00 5.02 0.9861 0.9228 0.0713 -0.1379 0.1784 O.8911 1.2875 -O.3187 O.4910 1.4448
0.900 -6.02 6.98 0.9867 0.9399 0.0440 -0.0568 -0.0806 0.9186 1.9831 -0.4272 0.9599 2.1588

































































































NPR WP/VI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
1.45 1.0102 0.9692 0.9671 -3.76 0.1135 -0.0075 0.0417 0.1173
2.01 0.9706 0.9691 0.9679 -2.85 0.2181 -0.0109 0.0684 0.2254
2.55 0.9712 0.9847 0.9842 -1.91 0.3194 -0.0107 0.0858 0.3245
2.99 0.9698 0.9875 0.9869 -2.03 0.4020 -0.0142 0.1140 0.4073
3.48 0.9708 0.9893 0.9893 -0.64 0.4950 -0.0055 0.0905 0.5003
3.97 0.9707 0.9933 0.9931 1.22 0.5918 0.0126 0.0174 0.5959
4.47 0.9708 0.9939 0.9927 2.81 0.6875 0.0337 -0.0668 0.6925
4.97 0.9705 0.9912 0.9888 3.98 0.7826 0.0545 -O.1501 0.7915
6.06 0.9721 0.9894 0.9830 6.54 0.9932 0.1138 -0.3878 1.0104






































VP/VI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.000(3 0.0000 0.0633 0.0937 -0.6035 0.000(3 -0.1114 0.0937 -0.6035 0.0085
0.9936 0.8906 0.0396 Of05q_ -0.4088 0.7941 0.3975 0.0205 -0.2341 0.5006
0.9702 0.9195 0.0431 0.0470 -0.3643 0.8651 0.7688 0.0040 -0.0943 0.8887
0.9700 0.9601 0.0445 0.0478 -0.3594 0.9307 1.5316 -0.0052 0.0788 1.6457
0.9695 0.9688 0.0609 0.0612 -0,3924 0.9484 2.2566 0.1120 -0.3320 2.3793
0.9718 0.9691 0.0586 0.0925 J):5_12 0.9537 3.0041 0.3088 -1.1410 3.1499
0.9710 0.9689 0.0596 0-.0808 20,5558 0.9566 3.7754 0.5121 -2.0125 3.9467
0.9701 0.9644 0.0693 0,0920 -0.6712 0.9542 4.5299 0.7682 -3.0819 4.7474
0.0OOO 0.0000 0.2666 O.D_ -0:2755 0.0000 -0.3098 0.0656 -0.2755 0.0040
0.9931 -0.8625 0.2312 _.0905 '0,3427 -1.2053 -0.1522 0.0827 -0.2989 0.1263
0.9677 -0.1370 0.2464 U.D_61 -0:3663 -0.3320 -0.0739 0.0853 -0.2985 0.2225
0.9732 0.5731 0.2521 Ofll_5 -0.4582 0.5013 0.3027 0.1293 -0.4518 0.6038
0.9708 0.7319 0.2503 0.1381 =0,6167 0.6881 0.6834 0.2488 -0.9924 0.9931
0.9706 0.7959 0.2461 0f154_----0:7316 0.7647 1.0628 0.3819 -1.5619 1.3898
0.9780 0.8016 0.2610 0.1996 '0:7296 0.7754 1.2851 0.4994 -1.8476 1.6573
0.9858 0.7968 0.2689 0.2131 -0.7261 0.7722 1.3627 0.5394 -1.9462 1.7647
0.0OOO 0.0000 0.1594 0.0895 -0.7005 0.0000 -0.2048 0.0895 -0.7005 0.0048
0.9748 0.6342 0.1238 -0,0540 -0.0201 0.5129 O.1918 -0.O713 0.0921 0.3740
0.9725 0.7839 0.132! -0:042_ -0:0702 0.7150 0.4706 -0.0628 0.1031 0.6582
0.9703 0.8846 0.1328 -0.0140 -0.2034 0.8489 1.0793 0.0752 -0.4571 1.2714
0.9710 0.9102 0.1292 _:0170 _0.4665 0.8863 1.6833 0.2864 -1.4269 1.8993
0.9703 O.9133 0.1373 0.0453 -0.6286 0.8946 2.1764 0.4698 -2.1959 2.4327
0.OOOO 0.000(3 0.0844 0.0696 '0.5981 0.0000 -0.1302 0.0696 -0.5981 0.0050
0.9409 0.6633 0.0743 0:O186 -D.3529 0.4378 0.0889 0.0051 -0.2771 0.2030
0.9722 0.8021 0.0668 O.0111 -0.3073 0.6893 0.2796 -0.0083 -0.1848 0.4057
0.9717 0.8869 0.0721 0.0195 20.3441 0.8243 0.6030 -0.0036 -0.1496 0.7316
0.9716 0.9250 0.0714 0:DO6_ -0.2720 0.8821 0.9388 0.0315 -0.2532 1.0643
0.9699 0.9342 0.0772 0.0342 '0.4097 0.9014 1.2546 0.1293 -0.6746 1.3919
0.9707 0.9438 0.0739 0.0495 -0.5802 0.9222 1.9538 0.3489 -1.6483 2.1186
0.9711 0.9426 0.0743 0.0558 -0.6724 0.9240 2.2754 0.4567 -2.1370 2.4625
0.0000 0.000(3 0.0742 0.0779 -0.5984 0.0000 -0.1209 0.0779 -0.5984 0.0057
0.9720 0.8545 0.0573 0.0306 -0.3436 0.7630 0.3891 0.0063 -0.1893 0.5100
0.9729 0.9257 0.0550 0.0367 -0.3579 0.8758 0.8189 0.0092 -0.1170 0.9350
0.9694 O.9511 0.0690 0.0636 -0.4907 0.9247 1.6336 0.1836 -0.8243 1.7666












Table 24. Internal and Aeropropulsive Characteristics for Nozzle 21
(a) Internal performance
ALPHA NPR WP/VI FR/FI FJ/FI DELTAP CFJ CFN CHJ CFI
0.06 1.52 1.0140 O.9134 0.9114 -3.82 0.1223 -0.0082 0.0543 0.1342
0.09 2.02 0.9736 0.9403 0.9393 -2.65 0.2127 -0.0098 0.0593 0.2264
0.12 2.49 0.9719 0.9674 0.9666 -2.32 0.3040 -0.0123 0.0709 O.3145
0.16 2.99 0.9718 0.9760 0.9755 -1.95 0.3978 -0.0135 0.0709 0.4078
0.27 3.47 0.9728 0.9799 0.9779 -3.64 0.4883 -0.0310 0.1687 0.4994
0.21 3.96 0.9724 0.9839 0.9834 -1.68 0.5839 -0.0172 0.0872 0.5938
0.27 4.47 0.9720 0.9808 0.9801 -2.10 0.6797 -0.0249 0.1313 0.6934
0.44 4.98 0.9717 0.9748 0.9720 -4.33 0.7723 -0.0585 0.3125 0.7945
0.76 6.02 0.9724 0.9723 0.9647 -7.15 0.9692 -0.1216 0.6502 1.0046
0.87 6.99 0.9724 0.9729 0.9655 -7.09 1.1594 -0.1441 0.7472 1.2009
(b) Aeropropulsive characteristics
M ALPHA NPR WP/WI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.598 0.01 1.01 0.0000 0.0000 0.0610 -0.1379 0.1933 0.0000 -0.1091 -0.1379 0.1933 0,0086
0.599 0.01 1.52 1.0084 0.8594 0.0304 -0.0963 -0.0030 0.7690 0.4101 -0.1288 0.2124 0.5333
0.598 0.01 2.05 0.9736 0.8981 0.0394 -0.Iii0 0.0142 0.8464 0.7879 -O.1505 0.2544 0.9310
0.597 0.01 3.04 0.9716 0.9540 0.0367 -0.1027 -0.0389 0.9251 1.5416 -0.1570 0.2479 1.6664
0.599 -0.02 3.98 0.9698 0.9676 0.0429 -0.0754 -0.1900 0.9474 2.2525 -0.1453 0.1590 2.3776
0.598 -0.01 4.98 0.9719 0.9578 0.0448 -0.1596 0.2834 0,9426 2.9910 -0.3936 1.5312 3.1730
0.598 -0.02 5.98 0.9716 0.9554 0.0401 -0.1424 0.3745 0.9432 3.7536 -0,6197 2.9192 3.9796
0.597 -0.03 7.05 0.9714 0.9604 0.0287 -0.0605 0.2027 0.9505 4.6186 -0.6463 3.2218 4.8594
1.200 -0.03 0.85 0.0000 0.0000 0.2240 -0. i035 0.3991 0.0000 -0.2670 -0.1035 0.3991 0.0040
1.200 0.04 1.49 1,0104 -0.3828 0.1654 -0.0297 0.0619 -0.7218 -0.0917 -0.0377 0.1152 0.1270
1.201 -0.02 2.07 0.9725 0.1715 0.1797 -0.0755 0.2659 -0.0131 -0.0031 -0.0855 0.3256 0.2333
1.201 0.01 4.00 0.9735 0.6782 0.1811 -0.1219 0.5263 0.6060 0.3616 -0.1390 0.6133 0.5967
1.201 -0.01 6.05 0.9725 0.8146 0.1502 -0.0252 0.0911 0.7716 0.7722 -0.1464 0.7379 1.0009
1.200 -0.02 7.99 0.9712 0.8716 0.1308 0.0756 -0.2880 0.8408 1.1740 -0.0913 0.5542 1.3964
1.201 -O.02 I0.O0 0.9717 0.9026 0.1040 0.2041 -O.8145 0.8787 1.5904 -0.0089 0.2260 1.8098
1.200 -0.01 11.97 0.9709 0.9195 0.0793 0.3452 -1.4111 0.9001 2.0023 0.0865 -O.1729 2.2244
0.948 0.00 1.04 0.0000 0.0000 0.0872 -0.1310 0.1435 0.00013 -0.1323 -0.1310 0.1435 0.0048
0.950 0.01 2.04 0.9739 0.7692 0.0624 -0.1166 0.0667 0.6459 0.2361 -0.1322 0.1616 0.3656
0.951 0.00 3.03 0.9735 0.8723 0.0669 -0.1325 0.1541 0.8037 0.5283 -0.1541 0.2672 0.6573
0.951 0.01 5.04 0.9708 0.9250 0.0603 -0.1154 0.0790 0.8896 1.1335 -0.2136 0.6055 1.2742
0.952 -0.02 6.98 0.9720 0.9369 0.0547 -0.0942 0.2481 0.9131 1.7271 -0.3218 1.4259 1.8916
0.951 -0.05 8.99 0.9714 0.9544 0.0215 0.0640 -0.3899 0.9367 2.3896 -0.2397 1.1091 2.5510
0.892 -0.03 1.02 0.0000 0.0000 0.0765 -0.1305 0.1307 0.0000 -0.1221 -0.1305 0.1307 0.0051
0.903 0.00 1.53 0.9996 0.7523 0.0402 -0.0973 -0.0327 0.5588 0.1313 -0.1118 0.0622 0.2350
0.902 -0.01 2.04 0.9747 0.8339 0.0427 -0.I121 0,0161 0.7219 0.2931 -0.1295 0.1214 0.4061
0.900 0.02 3.03 0.9734 0.9092 0.0477 -0.1178 0.0433 0.8472 0.6218 -0,1417 0.1696 0.7340
0.900 -0.03 4.05 0.9726 0.9421 0.0430 -0.0900 -0.1415 0.8999 0.9708 -0.1215 0.0484 1.0788
8 _ 0.00 5.01 0.9716 0.9423 0.0418 -0.1209 0.0816 0.9100 1.2833 -0.2271 0.6483 1.4102[ -0.02 6.97 0.9721 0.9506 0.0317 -0.0811 0.1709 0.9291 1.9630 -0.3353 1.4866 2.1128
0.900 -0.06 9.03 0.9714 0.9624 0.0011 0.1080 -0.5935 0.9466 2.7120 -0.2333 1.0887 2.8651
0.798 -0.02 1.01 0.0000 0.000(3 0.0731 -0.1294 0.1624 0.0000 -0.i195 -0.1294 0.1624 0.0057
0.799 0.00 2.03 0.9736 0.8521 0.0448 -0.1026 0.0076 0.7615 0.3899 -0.1246 0.1416 0.5121
0.799 -0.01 3.00 0.9736 0.9237 0.0458 -0.0950 -0.0401 0.8733 0.8027 -0.1255 0.1190 0.9192
0.799 -0.01 4.98 0.9716 0.9481 0.0430 -0.1279 0.1613 0.9220 1.6382 -0.2589 0.8600 1.7768














Internal and Aeropropulsive Characteristics for Nozzle 22
(a) Internal performance
UP/VI FR/FI FJ/FI DELTAP CFJ CFN CMj CFI
1.0274 0.8547 0.8536 -2.92 0.1171 -0.0060 0.0648 0.1371
0.9861 0.8683 0.8599 -7.98 0.1986 -0.0278 0.1639 0.2309
0.9850 0.9001 0.8851 -10.49 0.2855 -0.0529 0.2921 0.3226
0.9844 0.9284 0.9174 -8.81 0.3802 -0.0589 0.3135 0.4144
0.9852 0.9466 0.9294 -10.95 0.4741 -0.0917 0.4365 0.5101
0.9857 0.9686 0.9381 -14.41 0.5702 -0_i465 0.6200 0.6078
0.9855 0.9733 0.9524 -11.89 0.6759 -0.1423 0.6006 0.7097
0.9858 0.9783 0.9645 -9.63 0,7885 -0.1338 0.5559 0.8176
0.9859 0.9813 0.9752 -6.41 0.9930 -0.1115 0.4373 1.0183
0.9854 0.983i 0.9804 4.24 1.2036 -0.0891 0.2953 1.2277
(b) Aeropropulsive characteristics
M ALPHA NPR %/P/VI F-DN/FI CDN
0.599 5.97 1.03 0.000(3 0.0000 0.0470
0.598 6.00 2.02 0.9844 0.8246 0.0415
0.597 5.98 3.03 0.9843 0.9049 0.0429
0.598 5.96 4.98 0.9847 0.9606 0,0542
0.597 5.95 7.02 0.9848 0.9756 0.0379
0.597 -0.03 1.03 0.0000 0.0000 0.0593
0.600 0.01 1.54 1.0167 0.8033 0.0306
0.600 -0.01 2.03 0.9861 0.7963 0.0592
0.600 -0.02 3.05 0.9853 0.8866 0.0551
0.599 -0.07 3,98 0.9846 0.9070 0.0775
0.600 -0.04 4.97 0.9858 0.9425 0.0700
0.600 -0.05 5.99 0.9851 0.9610 0.0605
0.600 -0.05 7.00 0.9842 0.9725 0.0446
0.598 -6.03 1.02 0.0000 0.0000 0.1282
0.598 -6.01 2.02 0.9859 0.7050 0.1278
0.597 -6.02 3.03 0.9857 0.8279 0.1183
0.602 -6.03 4.99 0.9860 0.9026 0.1258
0.602 -6.06 7.04 0.9857 0.9493 0.0891
1.199 -0.03 0.95 0.0000 0.000(3 0.2113
1.198 -0.04 1.49 0.9980 -0.4017 0.1641
1.200 -0.03 2.01 0.9802 0.0647 0.1827
1.199 -0.04 4.00 0.9861 0.6441 0.1802
1.202 -0.03 6.04 0.9858 0.8053 0.1740
1.202 -0.03 7.99 0.9854 0.8682 0.1624
1.203 -0.03 10.05 0.9859 0.9039 0.1425
1.202 -0.01 11.99 0.9853 0.9216 0.1278
0.948 -0.01 i.i0 0.0000 0.000(3 0.0612
0.949 -0.02 2.02 0.9891 0.7760 0.0301
0.949 -0.04 3.01 0.9879 0.8231 0.0616
0.948 -0.05 5.01 0.9860 0.9074 0.0745
0.949 -0.06 6.97 0.9860 0.9514 0.0553
0.950 -0.03 9.02 0.9855 0.9666 0.0405
0.900 5.97 1.08 0.0000 0._ 0.0459
0.901 6.00 2.08 0.9877 0.7944 0.0313
0.902 5.97 3.11 0.9881 0.8879 0.0331
0.902 5.97 5.03 0.9861 0.9458 0.0443
0.902 5.95 6.85 0.9862 0.9668 0.0318
0.901 5.97 8.89 0.9856 0.9740 0.0160
0,901 -0.04 1.08 0.0000 0.0000 0.0593
0.900 0.01 1.50 1.0129 0.7250 0.0337
0.900 -0.01 2.04 0.9875 0.7731 0.0358
0.901 -0.03 3.02 0.9861 0.8410 0.0568
0.901 -0.06 4.04 0.9860 0.8759 0.0686
0.900 -0.07 4.98 0.9850 0.9159 0.0706
0.901 -0.05 6.98 0.9857 0.9569 0.0502
0.900 -0.02 9.01 0.9860 0.9708 0.0315
0.901 -6.04 1.06 0.0000 0.0000 0.1284
0.899 -6.02 2.03 0.9858 0.6321 0.0872
0.899 -6.02 3.02 0.9860 0.7409 0.1167
0.898 -6.05 5.03 0.9850 0.8586 0.12380.898 -606 697 0.9854 0.9221 0.09840.898 603 903 0.9855 0.9466 0.0801
0.799 -0.03 1.06 0.0000 0.06060.0528800 0.01 2 05 9872 8:750_9
0.797 -0.04 3.02 0.9863 0,8582 0.0562
0.799 -0.05 5.00 0.9853 0.9287 0.0663
0.800 -0.04 7.00 0.9855 0.9624 0.0496
CLCN CMCN F-D/FI C(F-D) CL CM CFI
-0.1268 0.4479 0.0000 -0.0955 -0.1268 0.4479 0.0085
-0.1610 0.5057 0.7723 0.7159 -0.1894 1.1667 0.9270
-0.1559 0.4916 0.8764 1.4927 -0.2471 1.8170 1.7033
-0.1400 0.7207 0.9457 3.0741 -0.3471 2.9474 3.2506
-0.0843 0.4476 0.9658 4.7763 0.0678 1.6060 4.9453
-0.1781 0.4416 0.0000 -0. I079 -0.1781 0.4416 0.0085
-0.1523 0.2222 0.7163 0.3995 -0.1798 0.4965 0.5577
-0.2241 0.6008 0.7441 0,6922 -0.3376 1.2652 0.9303
-0.2030 0.5245 0.8581 1.4603 -0.4625 1.8573 1.7018
-0.2095 0.8666 0.8871 2.1562 -0.8023 3.3574 2.4307
-0.1810 0.7418 0.9275 2.9968 -0.7162 2.9564 3.2311
-0.i543 0.5819 0.9490 3.8493 -0.5993 2.3123 4.0560
-0.1388 0.4762 0.9626 4.7020 -0.4942 1.6346 4.8848
-0.2623 0.6438 0.0000 -0.1768 -0.2623 0.6438 0.0085
-0.3i67 0.8275 0.6527 0.6056 -0.5120 1.4878 0.9280
-0.3013 0.7474 0.7994 1.3645 -0.7199 2.0728 1.7068
-0:2666 0.8960 0.88?6 2.8579 -1.1180 3.0901 3.2199
-0.2185 0.6048 0.9394 4.5996 -1.0689 1.7337 4.8965
-0:1734 0.8331 0.0000 -0.2546 -0.1734 0.8331 0.0040
-0.1332r 0.5923 -0.7413 --0.0945 -0.1384 0.6523 0.1275
'0_ 0.8904 -0.1251 -0.0286 -0.2131 1.0535 0.2283
-0.1772 0.9743 0.5734 0.3518 -0.3225 1.5870 0.6135
-0.1284 0.6640 0.7629 0.7795 -0.2377 1.0862 1.0218
-0.1238 0.6046 0.8377 1.1937 -0.1903 0.7547 1.4250
-0.1274 0.5832 0.8805 1.6371 -0.1488 0.4466 1.8592
-0.1283 0.5748 0.9026 2.0572 -0.1067 0.1680 2.2792
-0.1769 0.4480 0.0000 -0.1066 --0.1769 0.4480 0.0048
-0.0875 -0.0191 0.6536 0.2421 -0.1324 0.2439 0.3703
-0_217_ 0.7498 0.7553 0.5051 -0.3156 1.2621 0.6688
-0.2i38 0.9016 0.8726 1.1380 -0.4272 1.7833 1.3042
-0.1810 0.6814 0.9281 1.8086 -0.3245 1.1511 1.9487
-071719 0.5556 0.9494 2.4987 -0.2425 0.5672 2.6319
-0. i445 0.4449 0.0000 -0.0917 -0.1445 0.4449 0.0050
-0.1695 0.6051 0.6878 0.2953 -0.1847 0.9169 0.4294
-0.1517 0.5367 0.8291 0.6446 -0.2017 1.1625 0.7775
-0.1658 0.8055 0.9142 1.3243 -0.2528 1.7746 1.4485
-0.1345 0.5766 0.9451 1.9918 -0.0811 1.1274 2.1075
-0.I188 0.4363 0.9581 2.7550 0.0934 0.4815 2.8755
-0.1841 0.4331 0.0000 -0.1051 -0.1841 0.4331 0.0050
-0.1611 0.2867 0.5281 0.1227 -0.1705 0.3956 0.2324
-0'1675 0.3578 0.6636 0.2774 -0.2190 0.6576 0.4179
-0.2229 0.6781 0.7797 0.5817 -0.3341 1.2547 0.7460
-0.2279 0.9373 0.8343 0.9170 -0.4852 2.0200 1.0991
-0.2109 0.8276 0.8840 1.2708 -0.4488 1.8095 1.4375
-0.1793 0.5894 0.9358 2.0257 -0.3380 1.1085 2.1647
-0.1671 0.4649 0.9552 2.7986 -0.2457 0.4803 2.9300
-0.2706 0.6779 0.0000 -0.1741 -0.2706 0.6779 0.0050
-0.2352 0.4726 0.5216 0.2160 -0.3228 0.7685 0.4142
-0.3131 0.9027 0.6798 0.5092 -0.4956 1.4813 0.7491
q.2883 1.0029 0.8273 1.2068 -0.6710 1.9799 1.4588
-L'.2¢26 0.7233 0.9010 1.9599 -0.6348 1.2476 2.1751
-0.2,_53 0.6134 0.9311 2.7398 -0.6255 0.6244 2.9426
-0.'858 0.4374 0.0000 -0.1072 -0.1858 0.4374 0.0057
-0.!261 0.6478 0.6720 0.3572 -0.2918 1.0299 0.5315
-0.2171 0.6021 0.8092 0.7718 -0.3596 1.3395 0.9537
-0.1941 0.7733 0.9032 1.6511 -0.4946 2.0161 1.8282






























NPR UP/UI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
1.50 1.0327 0.8544 0.8541 -1.57 0.I149 -0.0031 0.0118 0.1345
1.99 0.9877 0.8977 0.8969 -2.35 0.2032 -0.0083 0.0223 0.2265
2.50 0.9862 0.9345 0.9337 -2.28 0.3015 -0.0i20 0.0284 0.3229
3.02 0.9867 0.9543 0.9532 -2.73 0.4039 .0.0192 0.0526 0.4237
3.49 0.9879 0.9661 0.9649 -2.92 0.4970 -0.0254 0.0767 0.5151
3.98 0.9883 0.9762 0.9761 0.31 0.5993 0.0032 -0.1080 0.6140
4.49 0.9872 0.9807 0.9807 0.78 0.7013 0.0096 -0.1678 0.7151
4.98 0.9870 0.9814 0.9810 -1.60 0.7990 -0.0223 0.0187 0.8145
5.99 0.9883 0.9793 0.9773 -3.71 1.0001 -0.0648 0.2715 1.0234
7.01 0.9876 0.9784 0.9756 -4.34 1.2048 -0.0915 0.3938 1.2350
7.38 0.9878 0.9784 0.9761 -3.94 1.2810 -0.0883 0.3828 1.3125
7.40 0.9875 0,9791 0.9768 -3.92 1.2869 -0.0881 0.3817 1.3174
(b) Aeropropulsive characteristics
M ALPHA NPR UP/UI F-DN/FI CDN CLCN CMCN F-D/FI
0.598 5.97 1.01 0.0000 0.0000 0.0467 -0.1864 0.5752 0.0000
0.600 6.02 2.02 0.9857 0.8661 0.0198 -0.0913 0.1009 0.8137
0.599 6.02 3.02 0.9861 0.9365 0.0379 -0.1152 0.2023 0.9078
0.599 6.00 4.95 0.9875 0.9709 0.0218 -0.1300 0.3010 0.9559
0.600 5.99 6.99 0.9876 0.9752 0.0141 -0.0992 0.3351 0.9653
0.601 -0.03 1.00 0.0000 0.0000 0.0764 .0.2465 0.6563 0.0000
0.601 0.00 1.53 1.0272 0.8049 0.0279 -0.1567 0.2076 0.7173
0.600 0.02 2.05 0.9906 0.8560 0.0305 -0.1594 0,2272 0.8050
0.600 0.01 3.04 0.9872 0.9270 0.0546 -0.1837 0.3638 0.8983
0.601 0.01 3,96 0.9878 0,9576 0.0439 -0.1501 0.1013 0.9375
0.601 0.01 4.99 0.9879 0.9679 0.0387 -0.1830 0.3495 0.9530
0.601 .0.01 5,98 0.9875 0.9670 0.0488 -0.2015 0.5087 0.9550
0.600 -0.02 6.98 0,9875 0.9686 0.0349 -0.1659 0.4324 0.9586
0.600 -6.03 0.98 0.0000 0.0000 0.1707 .0.3886 1.1883 0.0(KD
0.600 -6.00 2.02 0.9889 0.7722 0.0955 -0.2886 0.6339 0.7196
0.600 -6.01 3.05 0.9877 0.8802 0.1187 -0.3093 0.7526 0.8518
0.601 -6.01 4.96 0.9882 0.9383 0.I059 -0.3280 0.8730 0.9232
0.600 -6.01 6.97 0.9872 0.9447 0.0895 -0.2804 0.6805 0.9347
1.200 -0.03 0.87 0.0000 0.000(3 0.2042 -0.2248 0.9442 0.0000
1.199 .0.02 1.45 1.0362 .0.2589 0.1358 -0.1301 0.4235 -0.6154
1.201 0,00 2.05 0.9864 0.2616 0.1478 -0.1430 0.4881 0.0774
1.200 -0.02 4.02 0.9903 0.7303 0.1505 -0.1480 0.4810 0.6602
1.200 -0.01 6.01 0.9882 0.8455 0.1352 -0.1307 0.4812 0.8030
1.200 -0.02 7,98 0.9885 0.8941 0.1095 -0.0243 -0.0913 0.8638
1.200 -0.02 9.98 0.9882 0.9179 0.0829 0.1148 -0.8645 0.8945
1.200 0.02 12.01 0.9878 0.9260 0.0663 0.3198 -1.9806 0.9070
0.947 .0.02 1.03 0.0000 0.0000 0.0877 .0.2584 0.8002 0.0000
0.951 .0.02 2.02 0.9912 0.7667 0.0425 .0.1634 0.2764 0.6433
0.953 -0.04 3.01 0.9907 0.8701 0.0564 -0.1559 0.2480 0.8020
0.951 -0.02 5.00 0.9883 0.9381 0.0534 -0.1423 0.0882 0.9031
0.947 -0.02 6.97 0.9888 0.9522 0.0437 -0.1635 0.4096 0.9290
0.951 -0.02 9.05 0.9879 0.9656 0.0032 0.0328 -0.5954 0.9484
0.899 5.97 1.03 0.0000 0.0000 0.0516 -0,1948 0.5839 0.0000
0.901 5.99 2.03 0.9911 0.8235 0.0247 -0.1069 0.0865 0.7127
0.902 6.00 3.03 0,9902 0.9091 0.0347 -0.1109 0.0910 0.8483
0.900 6.01 5.00 0.9886 0.9576 0.0276 -0.1274 0.2054 0.9260
0.898 5.99 6.97 0.9884 0.9668 0.0228 -0.0913 0.2404 0.9458
0.899 5.97 8.99 0.9864 0.9707 0.0047 0.1312 .0.9624 0.9551
0.898 -0.04 1.01 0.0000 0.0000 0.0854 -0.2619 0.7421 0.0000
0.900 0.02 1.53 1.0239 0.7100 0.0366 -0.1806 0.3071 0.5254
0.902 0.01 2.04 0.9925 0.7943 0.0380 -0.1742 0.2347 0.6850
0.899 -0.02 3.02 0.9898 0.8887 0.0509 -0.1789 0.2496 0.8279
0.899 0.01 4.04 0.9897 0.9315 0.0476 .0.1869 0.2797 0.8900
0.902 0.02 4.98 0.9887 0.9494 0.0425 -0.1734 0.2016 0,9175
0.899 -0.02 6.98 0.9889 0.9575 0.0369 -0.1593 0.3577 0.9364
0.900 -0.02 8.98 0.9880 0.9683 -0.0039 0.0517 -0.7679 0.9526
0.899 -6.05 0.98 0.0000 0.0000 0.1725 -0.3930 1.2036 0.0000
0.900 -6.01 2.03 0.9919 0.6358 0.0993 -0.2819 0.5694 0.5257
0.899 -6.01 3.02 0.9901 0.7929 0.1155 -0.3065 0.7367 0.7321
0.902 -5.99 5.05 0.9883 0.8949 0.1107 -0.3315 0 8966 0.8635
0.895 -6.01 6.93 0.9883 0.9184 0.0951 -0.2674 (.6171 0.8973
0.900 -6.02 9.01 0.9883 0.9449 0.0214 -0.0281 -0.6674 0.9293
0.800 -0.04 1.00 0.0000 0.0000 0.0839 -0.2574 0.6948 0.0000
0.799 0.00 2.06 0.9926 0.8169 0.0376 -0.1706 0.2215 0.7302
0.801 -0.03 3.03 0.9906 0.8998 0.0534 -0.1942 0.3516 0.8508
0.801 0.02 4.97 0.9885 0.9544 0.0450 -0.1791 0.2623 0.9287
0.802 -0.01 6.98 0.9883 0.9616 0.0365 -0.1543 0.3560 0.9446
C(F-D) CL CM CFI
-0.0950 -0.1864 0.5752 0.0086
0.7512 -0.0406 0.1909 0.9232
1.5306 -0.0174 0.4101 1.6860
3.0831 0.1150 0.3621 3.2252
4.7164 0.0390 1.8881 4.8859
-0.1248 .0.2465 0.6563 0.0085
0.3972 -0.1702 0.2565 0.5537
0.7650 -0.1959 0.3197 0.9503
1.5200 -0.2541 0.5619 1.6920
2.2646 -0.1368 -0.3144 2,4155
3.0824 -0.2718 0.4301 3.2345
3.8538 -0.4562 1.5689 4.0355
4.6676 -0.5271 1.9787 4.8690
-0.2192 -0.3886 1.1883 0.0085
0.6633 -0.4088 0.7235 0.9218
1.4543 -0.5496 0.9398 1.7074
2.9573 -0.7415 0.9342 3.2034
4.5525 -1.1354 2.2252 4.8705
-0.2474 -0.2248 0.9442 0.0040
-0.0747 -0.1326 0.4341 0.1213
0.0182 -0.1521 0.5110 0.2348
0.4080 -0.1459 0.3785 0.6180
0.8175 -0.1956 0.7525 1.0182
1.2350 -0.1407 0.4150 1.4297
1.6601 -0.0541 -0.1192 1.8559
2.0791 0.0997 -0.9937 2.2922
-0.1331 -0.2584 0.8002 0.0048
0.2361 -0.1775 0.3119 0.3671
0.5337 -0.1854 0.3341 0.6655
1.1679 -0.1786 0.1207 1,2932
1.8182 -0.3081 1.0293 1.9571
2.5010 -0.1973 0.4147 2.6371
-0.0973 -0.1948 0.5839 0.0050
0.2942 -0.0845 0.1265 0.4128
0.6376 -0.0671 0.1796 0.7516
1.3368 -0.0193 0.2421 1.4437
2.0580 -0.0293 0.9303 2.1759
2.7944 0.1735 0.1558 2.9258
-0.1311 .0.2619 0.7421 0.I30.50
0.1302 -0.i866 0.3291 0.2478
0.2865 -0.1903 0.2753 0.4183
0.6233 -0.2112 0.3415 0.7529
0.9832 -O.1835 0.1011 1.1046
1.3144 -0.2123 0.2352 1.4326
2.0359 -0.3202 1.0470 2.1742
2.7803 -O.2019 0.3447 2.9185
-0.2183 -0.3930 1.2036 0.0050
0.2183 -0.3362 0.6097 0.4152
0.5512 -0.4137 0.8287 0.7529
1.2565 -0.5241 0.9582 1.4552
1.9508 -0.6480 1.3023 2.1739
2.7215 -0.5776 0.4509 2.9287
-0.1306 -0.2574 0.6948 0.0057
0.3928 -0.1914 0.2738 0.5379
0.8107 -0.2346 0.4645 0.9529
1.6815 -0.2277 0.3013 1.8106













Internal and Aeropropulsive Characteristics for Nozzle 24
(a) Internal performance
VP/VI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI"
1.0212 0.9699 0.9680 -3.59 0.1255 -0.0079 0.0300 0.1297
0.9786 0.9737 0.9725 -2.87 0.2282 -0.0114 0.0387 0.2347
0.9762 0.9873 0.9867 -2.04 0.3140 -0.0112 0.0269 0.3182
0.9755 0.9899 0.9890 - -2.42 0.4050 -0.0171 0.0574 0.4095
0.9766 0.9921 0.9919 -1.22 0.4970 -0.0105 0.0139 0.5010
0.9760 0.9936 0.9936 0.59 0.5930 0.0061 -0.0878 0.5969
0.9758 0.9930 0.9922 2.30 0.6889 0.0277 -0.2102 0.6943
0.9752 0.9911 0,9890 3.74 0.7890 0.0516 -0.3375 0.7978
0.9764 0.9868 0.9807 6.38 0.9842 0.ii01 -0.6413 1.0036
(b) Aeropropulsive characteristics
M ALPHA NPR VP/UI F-DN/FI CDN
0.598 0.01 1.04 0.0000 0.0000 0.0682
0.599 0.00 1.52 0.9931 0.8620 0.0635
0.598 0.00 2.04 0.9761 0.9017 0.0726
0.597 -0.02 3.03 0.9743 0.9510 0.0631
0.597 -0.01 3.97 0.9735 0.9668 0.0693
0.598 -0.01 4.98 0.9748 0.9701 0.0618
0.598 -0.01 6.00 0.9748 0.9675 0.0532
0.598 0.01 6.37 0.9743 0.9646 0.0582
1.200 -0.03 0.98 0.0000 0.0000 0.2302
1.199 -0.02 1.52 0.9731 -0.5181 0.1942
1.203 -0.02 2.03 0.9677 0.0874 0.2026
1.200 0.00 4.00 0.9752 0.6590 0.2004
1.201 -0.01 6.06 0.9737 0.8031 0.1788
1.200 -0.01 7.98 0.9741 0.8473 0.1656
1.199 0.02 9.55 0.9792 0.8619 0.1535
1.201 0.22 4.72 0.9858 0.7237 0.1913
0.951 -0.01 I.ii 0.0000 0.0000 0.0913
0.949 -0.02 2.02 0.9743 0.7564 0.0815
0.949 -0.01 3.01 0.9751 0.8595 0.0841
0.949 0.00 5.03 0.9742 0.9303 0.0760
0.949 0.00 6.99 0.9748 0.9385 0.0654
0.948 0.02 7.60 0.9742 0.9388 0.0628
0.899 O.01 1.09 0.0000 0.0000 0.0733
0.899 0.02 1.47 0.9420 0.6924 0.0728
0.899 -0.02 2.03 0.9760 0.8094 0.0690
0.900 0.00 3.01 0.9761 0.8963 0.0662
0.900 -0.02 3.97 0.9752 0.9307 0.0670
0.901 -0.01 4.97 0.9736 0.9459 0.0626
0.899 0.01 6.99 0.9752 0.9487 0.0502
0.901 0.02 7.28 0.9753 0.9484 0.0478
0.800 0.01 1.06 0.0000 0.0000 0.0740
0.802 -0.02 2.02 0.9754 0.8404 0.0706
0.802 -0.02 2.98 0.9769 0.9181 0.0618
0.803 -0.01 4.97 0.9751 0.9540 0.0620
0.803 0.00 6.97 0.9749 0.9543 0.0492
CLCN CMC_q F-D/FI C(F-D) CL CM CFI
-0.1995 0.4013 0.0000 -0.1163 -0.1995 0.4013 0.0085
-0:1620 0.2636 0.7697 0.4018 -0.1941 0.3845 0.5220
-0.1706 "- 0.3065 0.8495 0.7848 -0.2157 0.4602 0.9238
-0.1642 0.2848 0.9221 1.5390 -0.2292 0.4893 1.6690
-0:1563 O._737 0.9466 2.2590 -O.1321 -0.0799 2.3864
-0.1435 0.0987 0.9549 3.0401 0.0616 -1.2467 3.1836
-0.1645 0.0247 0.9554 3.8189 0.2771 -2.5284 3.9973
-0.1588 20.0394 0.9534 4.0969 0.3699 -3.0319 4.2972
-0.2067 0.7817 0.0000 -0.2732 -0.2067 0.7817 0.0040
-0.1712 0_6200 -0.8554 -0.1091 -0.1793 0.6502 0.1276
-0.1853 0.6951 -0.1040 -0.0234 -0.1965 0.7329 0.2248
-0.1833 0.6811 0.5868 0.3508 -0.1764 0.5891 0.5977
-0.1501 _.4445 0.7601 0.7622 -0.0371 -0.2066 1.0028
-0.1394 0.2960 0.8165 1.1398 0.0849 -0.9241 1.3961
-0.1359 O,2091 0.8370 1.4508 0.1804 -1.4770 1.7333
-0:I_6_ O_786 0.6660 0.4976 -O.1240 0.3070 0.7472
-0.2184 0.4_23 0.0000 -O.1364 -0.2184 0.4423 0.0047
-0.2068 0.4136 0.6318 0.2286 -0.2248 0.4743 0.3618
-0.1995 0.3766 0.7905 0.5168 -0.2261 0.4636 0.6538
-O.2091 0.4054 0.8951 1.1451 -0.1240 -0.1487 1.2794
-0.2089 0.1909 0.9149 1.7463 0.0581 -1.2903 1.9088
-0.2093 0.1185 0.9175 1.9400 0.1162 -1.6585 2.1144
-0.2249 0.4068 0.0000 -0.1188 -0.2249 0.4068 0.0050
-0.1920 0._906 0.4697 0.0960 -0.2057 0.3431 0.2043
-0.2043 0.3526 0.6969 0.2818 -0.2242 0.4202 0.4044
-0._947 0.2986 0.8339 0.6084 -0.2240 0.3946 0.7295
-0.2141 0.4298 0.8876 0.9375 -0.2033 0.2725 1.0562
-0.1966 0.3090 0.9134 1.2748 -0.1072 -0.2781 1.3957
-0.1974 0.0883 0,9274 1.9762 0.1012 -1.5665 2.1310
-0.1972 0.0572 0.9280 2.0647 0.1300 -1.7408 2.2250
-0.2174 0.4080 0.0000 -0.1204 -0.2174 0.4080 0.0057
-0.1908 0.3264 0.7485 0.3773 -0.2158 0.4111 0.5041
-0.1784 0.2555 0.8669 0.7854 -0.2172 0.3862 0.9060
-0.1722 0._i25 0.9277 1.6358 -0.0593 -0.5287 1.7633

























NPR UP/_rl FR/FI FJ/FI DELTAP CFJ CFN
1.54 1.0163 0.9235 0.9218 -3.50 0.1285 -0.0078
2.02 0.9821 0.9487 0.9473 -3.15 0.2164 -0.0119
2.50 0.9800 0.9739 0.9727 -2.81 0.3079 -0.0151
2.97 0.9798 0.9826 0.9819 -2.11 0.3978 -0.0147
3.47 0.9811 0.9845 0.9822 -3.98 0.4919 -0.0342
3.97 0.9812 0.9878 0.9873 -1.87 0.5905 -0.0193
4.47 0.9810 0.9849 0.9842 -2.11 0.6853 -0.0253
4.99 0.9813 0.9771 0.9743 -4.38 0.7783 -0.0596
6.05 0.9829 0.9731 0.9661 -6.90 0.9794 -0.1186
























M ALPHA N'PR UP/UI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.599 0.00 1.00 0.0000 0.0000 0.0992 -0.3223 0.8691 0.0000 -0.1472 -0.3223 0.8691 0.0084
0.598 0.00 1.51 1.0211 0.8087 0.0595 -0.2511 0.5593 0.7180 0.3803 -0.2811 0.6228 0.5297
0.599 0.01 2.05 0.9827 0.8723 0.0688 -0.2409 0.4827 0.8207 0.7641 -0.2891 0.5528 0.9310
0.599 0.01 3.00 0.9801 0.9389 0.0702 -0.2220 0.3451 0.9095 1.4885 -0.2807 0.2777 1.6366
0.599 -0.03 3.97 0.9795 0.9573 0.0752 -0.2011 0.2244 0.9371 2.2295 -0.2792 0.0929 2.3791
0.600 -0.02 5.01 0.9812 0.9499 0.0771 -0.2731 0.6344 0.9348 2.9762 -0.5153 1.4210 3.1838
0.600 -0.02 5.98 0.9808 0.9492 0.0741 -0.2753 0.7537 0.9370 3.7134 -0.7328 2.7640 3.9629
0.600 -0.04 7.03 0.9816 0.9552 0.0590 -0.2272 0.5531 0.9452 4.5478 -0.7641 2.9614 4.8116
1.199 -0.06 0.85 0.0000 0.0000 0.2466 -0.3378 1.2891 0.0000 -0.2895 -0.3378 1.2891 0.0040
1.199 -8.03 1.50 1.0204 -0.4873 0.1817 -0.2547 0.8612 -0.8208 -0.1057 -0.2621 0.8770 0.12871.200 - .01 2.02 0.9741 0.0931 0.i933 -0.2636 0.8868 -0.0981 -0.0220 -0.2754 0.9042 0.2246
1.201 -0.03 4.01 0.9809 0.6583 0.1972 -0.2946 1.0992 0.5866 0.3518 -0.3141 1.0658 0.5998
1.199 -0.02 6.04 0.9795 0.8003 0.1694 -0.2424 0.8089 0.7574 0.7589 -0.3604 1.3325 1.0021
1.199 -0.05 7.97 0.9811 0.8632 0.1446 -0.1637 0.3425 0.8325 1.1653 -0.3141 1.0224 1.3998
1.200 -0.03 i0.01 0.9808 0.8992 0.1133 -0.0526 -0.2741 0.8756 1.5926 -0.2354 0.5675 1.8189
1.200 -0.05 12.03 0.9813 0.9192 0.0807 0.0772 -0.9586 0.9000 2.0222 -0.1390 0.0455 2.2468
0.949 -0.02 1.02 0.0000 0.0000 0.i131 -0.3780 1.0415 0.0000 -0.1581 -0.3780 1.0415 0.0047
0.951 -0.02 2.02 0.9835 0.7297 0.0773 -0.2880 0.5653 0.6049 0.2178 -0.3068 0.5929 0.3600
0.949 0.01 2.99 0.9818 0.8520 0.0832 -0.3002 0.6198 0.7828 0.5089 -0.3235 0.5932 0.6501
0.949 -0.01 5.00 0.9799 0.9185 0.0726 -0.2765 0.4884 0.8831 !.1230 -0.3727 0.8010 1.2717
0.949 -0.02 6.96 0.9812 0.9322 0.0677 -0.2663 0.6178 0.9086 1.7274 -0.4788 1.5722 1.9012
0.950 -0.06 9.03 0.9812 0.9518 0.0309 -0.1379 -0.1412 0.9344 2.4067 -0.4049 1.0755 2.5757
0.900 -0.01 1.00 0.0000 0.0000 0.1094 -0.3717 0.9854 0.0000 -0.1547 -0.3717 0.9854 0.0050
0.902 -0.01 1.53 1.0100 0.6563 0.0649 -0.2846 0.5475 0.4672 0.1120 -0.2982 0.5755 0.2398
0.898 -0.01 2.03 0.9827 0.7664 0.0726 -0.2837 0.5176 0.6545 0.2654 -0.3048 0.5486 0.4056
0.899 -0.01 3.01 0.9810 0.8787 0.0745 -0.2838 0.5179 0.8166 0.5957 -0.3102 0.4878 0.7296
0.900 -0.01 4.03 0.9808 0.9215 0.0702 -0.2581 0.3803 0.8793 0.9450 -0.2928 0.3204 1.0747
0.899 -0.03 5.00 0.9804 0.9258 0.0697 -0.2832 0.5343 0.8937 1.2642 -0.3898 0.8766 1.4145
0.899 -0.03 6.97 0.9816 0.9398 0.0588 -0.2588 0.5589 0.9184 1.9508 -0.4961 1.6244 2.1241
0.899 -0.06 9.05 0.9819 0.9561 0.0201 -0.1056 -0.3265 0.9405 2.7178 -0.4048 1.0371 2.8899
0.800 -0.03 1.00 0.0000 0.0000 0.1088 -0.3594 0.9268 0.0000 -0.1550 -0.3594 0.9268 0.0057
0.800 0.00 2.06 0.9848 0.8093 0.0715 -0.2684 0.4923 0.7217 0.3811 -0.2957 0.5316 0.5281
0.801 -0.03 3.04 0.9824 0.9010 0.0735 -0.2549 0.3972 _.8515 0.7947 -0.2888 0.3582 0.9333
0.801 -0.01 4.97 0.9818 0.9352 0.0687 -0.2774 0.5268 0.9092 1.6114 -0.4092 0.9456 1.7724
0.802 -0.03 6.99 0.9815 0.9457 0.0585 -0.2472 0.5328 0.9284 2.4870 -0.5463 1.8754 2.6786
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Table 29. Internal and Aeropropulsive Characteristics for Nozzle 26
(a) Internal performance
M ALPHA NPR UP/W[ FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
0.000 0.00 1.50 1.0259 0.8793 0.8756 -5.21 O.1174 -0.0107 0.0850 0.1341
0.000 -0.01 2.01 0.9838 0.9092 0.9071- -3.86 0.2094 -0.0141 0.1089 0.2309
0.000 0.02 2.54 0.9826 0.9436 0.94_ -4.69 0.3113 -0.0255 0.1906 0.3310
0.000 0.01 2.99 0.9830 0.9599 0.9572 -4.32 0.3986 -0.0301 0.2309 0.4164
0.000 -0.02 3.49 0.9833 0.9713 0.9635 -7.29 0.4953 -0.0633 0.4195 0.5141
0.000 -0.03 3.97 0.9834 0.9791 0,97[3 -7.22 0.5926 -0.0751 0.4987 0.6100
0.000 -0.06 4.47 0.9830 0.9839 0.9805 -4.74 0.6952 -0.0576 0.4310 0.7091
0.000 -0.06 4.99 0.9828 0.9862 0.9852 -2.58 0.8032 -0.0362 0.3391 0.8152
0.000 -0.05 6.04 0.9832 0.9908 0.9908 0.44 1.0214 0.0078 0.1498 1.0309
0.000 -0.05 6.98 0.9823 0.9930 0.9923 2.10 1.2155 0.0446 -0.0173 1.2249
(b) Aeropropulsive characteristics
M ALPHA NPR UP/UI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
1.201 -0.04 1.52 1.0006 -0.4986 0.1853 0.2029 -0.9036 -0.8227 -0.1094 0.1921 -0.8187 0.1330
1.199 0.16 2.12 0.9869 0.1806 0.1817 0.I[03 '0.3832 0.0079 0.0020 0.0963 -0.2701 0.2497
1.200 0.09 3.94 0.9823 0.6791 0.1761 0.1552 -0.5968 0.6071 0.3641 0.0828 -0.1087 0.5997
1.201 -0.05 6.03 0.9818 0.8127 0.1823 0217I_ -0.7481 0.7703 0.7838 0.1777 -0.5988 1.0174
1.201 -0.07 8.00 0.9825 0.8601 0.1871 0.174_ 20.7848 0.8298 1.1833 0.2565 -0.9820 1.4260
1.199 -0.06 I0.00 0.9816 0.8855 0.1895 .....O, 1705 -0.7754 0.8622 1.5985 0.3308 -1.3278 1.8540
0.949 -0.05 1.09 0.0000 0.0000 0.08i5 0.0591 -0.6074 0.0000 -0.1266 0.0591 -0.6074 0.0047
0.951 0.08 2.03 0.9814 0.7467 0.060_ U.0070- -0.2414 0.6242 0.2303 -0.0150 -0.0681 0.3690
0.951 0.II 3.01 0.9822 0.8588 0.0664 -0.0076----U. 1493 0.7908 0.5253 -0.0556 0.2250 0.6643
0.950 0.06 5.00 0.9821 0.9397 0.0601 -0.0146 -0.0614 0.9048 1.1704 -0.0698 0.4721 1.2935
0.950 -0.II 6.99 0.9815 0.9630 0.0586 .......0\0142-- 20,3038 0.9397 1.8217 0.0817 -0.3338 1.9385
0.949 -0.12 8.98 0.9817 0.9642 0.0682 0.0218 -0.4400 0.9469 2.4752 0.2116 -i.0332 2.6140
0.900 5.92 1.05 0.0000 0.0000 0.1270 0.1040 -0.6653 0.0000 -0.1726 0.1040 -0.6653 0.0050
0.901 6.05 2.02 0.9832 0.6890 0.0896 0.0779 -0.4400 0.5769 0.2347 0.092i -0.2481 0.4069
0.900 6.10 3.00 0.9824 0.8447 0.0857 0,0503-- -0.2602 0.7830 0.5790 0.0716 0.1541 0.7395
0.899 6.04 5.02 0.9817 0.9290 0.0823 0.0616 ....20,2677 0.8976 1.3014 0.1506 0.3235 1.4500
0.901 5.88 6.97 0.9829 0.9420 0.0880 0.0879 -0.5261 0.9209 1.9835 0.3843 -0.5533 2.1540
0.902 5.90 9.00 0.9816 0.9420 0.1020 0_0989 -0.6666 0.9262 2.6835 0.6098 -1.3285 2.8972
0.901 -0.01 1.07 0.0000 0.0000 0.0753 0.0599 -0.6157 0.0000 -0.1210 0.0599 -0.6157 0.0050
0.899 0.01 1.53 1.0026 0.6914 0.0486 0_07_ 20.6282 0.5043 0.1231 0.0512 -0.4754 0.2440
0.901 -0.01 2.11 0.9840 0.7879 0.0537 '0.0059 -0.1983 0.6835 0.2990 -0.0318 0.0010 0.4374
0.901 -0.01 3.05 0.9840 0.8808 0.0582 -0.0079 -0.1795 0.8203 0.6190 -0.0660 0.2567 0.7546
0.902 0.00 4.06 0.9835 0.9230 0.0539 ±0.0182 0.0144 0.8816 0.9724 -0.1575 0.8651 1.1030
0.901 -0.03 5.08 0.9821 0.9495 0.0546 '0.0075 -0.1331 0.9183 1.3451 -0.0658 0.4381 1.4647
0.901 -0.01 6.93 0.9828 0.9679 0.0514 0.0199 -013573 0.9466 2.0280 0.0950 -0.3742 2.1425
0.902 0.00 9.00 0.9820 0.9680 0.0630 0.0_l -0.4809 0.9523 2.7638 0.2470 -I.1440 2.9023
0.900 -6.01 1.08 0.0000 0.0000 0.0742 0.0280 -0.6138 0.0000 -0.1199 0.0280 -0.6138 0.0050
0.899 -5.98 2.01 0.9840 0.7539 0.0575 -0.0270 -0.2663 0.6413 0.2604 -0.0901 -0.0743 0.4060
0.900 -6.01 3.00 0.9837 0.8602 0.0622 -0.0435 -0.1736 0.7985 0.5913 -0.1717 0.2411 0.7405
0.897 -6.00 5.01 0.9820 0.9366 0.0576 -0.0476 -0,1002 0.9051 1.3134 -0.2602 0.4971 1.4511
0.901 -6.O3 6.97 0.9830 0.9657 0.0524 -0.0158-- -0.3370 0.9444 2.0347 -0.1628 -0.3643 2.1544
0.899 -5.99 8.99 0.9821 0.9722 0.0581- -0_.0_3"Z6- ,0.4439 0.9566 2.7920 -0.0868 -I.I091 2.9188
0.802 -0.02 1.05 0.0000 0.0000 0.0765 0_064_ -0.5925 0.0000 -0.1231 0.0648 -0.5925 0.0057
0.800 0.01 2.00 0.9823 0.7975 0.0561 0.0079 -0.2320 0.7057 0.3583 -0.0233 0.0095 0.5078
0.800 -0.04 2.99 0.9831 0.8934 0.0592 -0.0028 -0.1626 0.8433 0.7839 -0.0706 0.3531 0.9295
0.800 -0.02 5.02 0.9828 0.9572 0.0519 0.0060 -0.1509 0.9317 1.7058 -0.0734 0.5971 1.8308
0.799 -0.02 6.98 0.9827 0.9728 0.0528 0\0376 -0.3945 0.9558 2.6199 0.1364 -0.4332 2.7411
0.601 5.98 1.01 0.0000 0.0000 0.1260 0.1181 -0.6209 0.0000 -0.1748 0.1181 -0.6209 0.0084
0.602 5.97 1.99 0.9838 0.8047 0.092I 0.1039 -0.4590 0.7501 0.6699 0.1334 -0.0336 0.8931
0.601 5.98 3.02 0.9829 0.9114 0.0826 0,0612-- -0.2130 0.8822 1.4728 0.1038 0.7344 1.6695
0.601 5.96 4.98 0.9836 0.9590 0.0796 0.0930 -0.3i43 0.9439 3.0367 0.2772 1.0375 3.2173
0.601 5.98 6.98 0.9825 0.9644 0.0904 0.1300 -0.6085 0.9543 4.6345 0.8083 -0.6797 4.8562
0.600 -0.01 1.02 0.0000 0.0000 0.0754 0.0684 -0.5574 0.0000 -0.1241 0.0684 -0.5574 0.0084
0.600 0.00 1.53 1.0189 0.7997 0.0425 0.0853 -0.5987 0.7119 0.3948 0.0421 -0.2563 0.5546
0.600 -0.01 2.00 0.9853 0.8326 0.0659 -0.0040 -0.1372 0.7789 0.7062 -0.0598 0.2922 0.9066
0.600 0.00 3.00 0.9839 0.9202 0.0605 -0:001_ -0.1274 0.8909 1.4784 -0.1229 0.7990 1.6594
0.600 -0.02 4.04 0.9826 0.9477 0.0615 0.005_ 0_0437 0.9280 2.2906 -0.3052 1.9781 2.4684
0.600 -0.05 4.98 0.9836 0.9674 0.0551 0.019_-_0.1497 0.9523 3.0788 -0.1284 1.2018 3.2330
0.601 -0.03 5.98 0.9827 0.9769 0.0561 0.0372 20.2951 0.9648 3.8849 0.0552 0.3433 4.0268
0.601 -0.04 7.02 0.9823 0.9809 0.0562 0_0516 " -0.4086 0.9709 4.7455 0.2319 -0.5100 4.8875
0.600 -6.01 1.02 0.0000 0.0000 0.0740 0.0296 _ "0.5403 0.0000 -0.1226 0.0296 -0.5403 0.0084
0.600 -5.99 2.01 0.9834 0.8183 0.0712 -0.0455 -0.1070 0.7650 0.6992 -0.1876 0.3249 0.9140
0.600 -6.02 3.03 0.9837 0.9065 0.0638 -0.0466 -0.0888 0.8776 1.4756 -0.3412 0.8689 1.6815
0.600 -6.02 4.99 0.9833 0.9569 0.0576 -0.0265 -0.ii47 0.9419 3.0470 -0.5042 1.2344 3.2349











Table 30. Internal and Aeropropulsive Characteristics for Nozzle 27
(a) Internal performance
ALPHA NPR WP/9-I FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
0.13 1.53 1.0185 0.8321 0.8243 -7.86 0.1149 -0.0159 0.1314 O.1394
0.ii 1.99 0.9828 0.8557 0.8541 -3.54 0.1937 -0.0120 0.0971 0.2268
0.17 2.49 0.9813 0.8990 0.8973 -3.55 0.2874 -0.0178 0.1350 0.3203
0.22 2.96 0.9807 0.9247 0.9233 -3.17 0.3798 -0.O210 O.1567 0.4114
0.28 3.47 0.9819 0.9429 0.9418 -2.78 0.4803 -0.0233 0.1803 0.5100
0.33 3.96 0.9818 0.9517 0.9505 -2.83 0.5779 43.0286 0.2166 0.6080
0.48 4.48 0.9817 0.9571 0.9542 -4.48 0.6780 -0.0531 0.3802 O.7106
0.43 5.02 0.9812 0.9629 0.9618 -2.75 0.7881 -0.0379 0.2979 O.8194
0.64 6.04 0.9824 0.9620 0.9595 -4.12 0.9879 43.0712 0.5146 1.O296
0.96 6.99 0.9811 0.9636 0.9572 -6.64 1.1750 -0.1367 0.8517 1.2276
(b) Aeropropulsive characteristics
M ALPHA NPR UP/VI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL 691 CFI
1.199 -0.01 0.91 0.0000 0.000(3 0.1533 -0.0208 0.0643 0.0000 -0.1967 -0.0208 0.0643 0.0041
1.201 0.01 1.49 1.0037 -0.0255 0.Iii0 0.0356 -0.2129 -0.3649 -0.0467 0.0195 43.0800 0.1279
1.196 0.01 2.05 0.9782 0.2793 0.1369 -0.0471 0.2720 0.0949 0.0224 -0.0586 0.3648 0.2356
1.200 0.00 4.00 0.9833 0.7141 0.1441 -0.0572 0.3195 0.6431 0.3935 -0.0859 0.5367 0.6119
1.201 -0.04 6.03 0.9810 0.8359 0.1271 -0.1043 0.6656 0,7933 0.8077 -0.1754 1.1748 1.O182
1.197 -O.04 7.96 0.9814 0.8894 0.0901 0.0594 -0.0575 0.8589 1.2253 -0.1438 1.1305 1.4266
1.199 -0.03 9.96 0.9815 0.9206 0.0429 0.2967 -1.2422 0.8970 1.6563 -0.0413 0.6404 1.8465
1.200 -0.04 12.00 0.9804 0.9408 _).0099 0.5493 -2.5563 0.9217 2.1023 0.0726 0.0368 2.2810
0.949 0.01 1.02 0.00130 0.000(3 0.0708 43.0849 -0.0218 0.0000 -0.1162 -0.0849 -0.0218 0.0048
0.953 -0.02 2.04 0.9853 0.7384 0,0428 -0.0857 0.1860 0.6160 0.2286 -0.1040 0.3333 0.3712
0.949 -0.01 3.03 0.9827 0.8409 0.0562 -0.1397 0.3233 0.7733 0.5201 -0.1738 0.5777 0.6726
0.950 -0.02 5.04 0.9816 0.9182 0.0565 -0.1555 0.5284 0,8834 1.1527 -0.2162 1.0027 1.3049
0.949 -0.08 6.98 0.9814 0.9309 0.0503 -0.1768 0.8798 0.9075 1.7646 -0.3951 2.2255 1.9444
0.948 -0.08 9,02 0.9808 0.9503 -0.0052 0.0919 -0.3626 0.9331 2.4555 -0.3491 2.1241 2.6316
0.899 5.98 0.99 0.0000 0.0000 0.0903 -0.0632 0.0683 0.0000 -0.1362 -0.0632 0.0683 0.0050
0.900 6.00 2.03 0.9834 0.7156 0.0575 -0,0786 0.1845 0.6041 0.2485 -0.0624 O.3512 O.4114
0.900 5.99 3.O1 0.9824 0.8488 0.0561 -0.1039 0.3206 0.7871 0.5846 -0.0697 0.6020 0.7428
0.901 5.98 5.01 0.9810 0.9227 0.0558 -0.1264 0.5495 0.8908 1.2825 -0.0484 1.0729 1.4397
0.901 5.95 6,97 0.9814 0.9435 0.0427 -0.1758 1.0254 0.9221 1.9831 -0.1987 2.5080 2.1506
0.897 5.94 _.98 0.9803 0.9553 0.0177 0.1661 -0.5769 0.9395 2.7461 -0.0280 2.1756 2.9228
0.898 0.00 1.02 0.0000 0.0000 0.0714 -0.0926 -0.0077 0.0000 -0.1173 -0.0926 -0.0077 0.0050
0.898 43.02 1.51 1.0027 0.6714 0.0398 -0.0694 -0.0990 0.4766 0.1123 -0.0979 0.1361 0.2357
0.898 0.01 2.05 0.9832 0.7300 0.0530 -0.1345 0.2495 0.6209 0.2611 -O.1548 0.4139 0.4205
0.899 43.01 3.04 0.9817 0.8522 0.0553 -0,1444 0.2916 0.7912 0.5951 -0.1826 0.5761 0.7522
0.899 0.00 4.04 0.9815 0.9018 0.0549 -0.1365 0.2614 0.8601 0.9457 -0.1879 0.6518 1.0996
0.897 -0.01 4.98 0.9809 0.9208 0.0591 -0.1615 0.4863 0.8889 1.2799 -0,2284 1.0097 1.4399
0.897 -0.05 6.97 0.9812 0.9326 0.0531 -0.1804 0.8686 0.9114 1.9761 -O.4216 2.3630 2.1682
0.898 -0.07 9.01 0.9805 0.9510 -0.0068 0.1070 -0.4598 0.9354 2.7387 -0.3827 2.3060 2.9279
0.906 -6.04 1.01 0.0000 0.0000 0.1118 43.1706 0.2313 0.0000 -0.1576 -0.1706 0.2313 0.OO50
0.895 -6.00 2.01 0.9814 0.6287 0.0887 -0,1747 0.2893 0.5162 0.2109 -0.2323 0.4607 0.4086
0.900 -6.02 3.02 0.9822 0.7857 0.0959 -0.1988 0.3805 0.7242 0.5404 -0.3087 0.6630 0.7462
0.899 -6.03 5.04 0.9805 0.8884 0.0930 -0.2022 0.4444 0.8568 1.2467 -0.4161 0.9738 1.4550
0.900 -6.07 7.00 O.9810 0.8966 0.0941 -0.2381 0.9118 0.8755 1.8980 -0.6983 2.4196 2.1680
0.901 -6.08 9.02 0.9789 0.9247 0.0080 0.0295 -0.3510 0.9089 2.6454 -0.7458 2.4059 2.9105
0.799 -0.02 1.01 0.0000 0.0000 0.0760 -0.0978 0.0539 0.0000 -0.1228 -0.0978 0.0539 0.0058
0.800 -0.01 2.03 0.9838 0.7447 0.0574 -0.1318 0.2409 0.6550 0.3419 -0.1581 0.4520 0.5220
0.801 -0.01 3.03 0.9831 0.8649 0.0563 -0.1398 0.2725 0.8155 0.7728 -0.1878 0.6306 0.9476
0.800 -0.02 5.04 0.9824 0.9300 0.0564 -0.1513 0.4195 0.9046 1.6646 -0.2370 1.0878 1.8403
0.801 -0.06 7.01 0.9815 0.9369 0.0541 -0.1789 0.8753 0.9198 2.5236 -0.4885 2.7845 2.7435
0.597 5.99 0.99 0.0000 0.0000 0.0843 -0.0822 0.2448 0.0000 -0.1333 -0.0822 0.2448 0.0086
0.598 6.00 2.03 O.9819 0.7899 0.0627 -0.0871 0.2330 0.7375 0.6894 -0.0499 0.6100 0.9349
0.599 5.98 3.02 0.9822 0.8949 0.0509 -0.0856 0.2137 0.8658 1.4604 -0.0080 0.8520 1.6867
0.599 5.98 4.98 0.9822 0.9443 0.0511 -0.1103 0.4206 0.9292 3.0013 0.0642 1.5931 3.2301
0.600 5.94 7.00 0.9807 0.9545 0.0462 -0.1585 1.0323 0.9444 4.5959 -0.2167 4.4148 4.8663
0.599 -0.03 1.00 0.00130 0.00130 0.0727 43.1114 0.1388 0.0000 -0.1216 -0.1114 0.1388 0.0086
0.600 0.01 1.53 1.0165 0.7483 0.0431 -0.1097 0.1589 0.6594 0.3626 -0.1729 0.6817 0.5499
0.600 -0.04 2.03 0.9834 0.7902 0.0599 -0.1429 0.2724 0.7374 0.6829 -0.1898 0.6474 O.9261
0.598 0.00 3.02 0.9831 0.8931 0.0525 -0.1392 0.2406 0.8642 1.4644 -0.2249 0.8812 1.6945
0.599 -0.02 3.97 0.9811 0.9258 0.0617 -0.1424 0.2573 0.9056 2.1978 -0.2574 1.1220 2.4268
0.599 -0.02 4.98 0.9821 0.9427 0.0582 -0.1570 0.3959 0.9276 3.0060 -0.3079 1.5724 3.2407
0.599 -0.03 6.00 O.9816 0.9455 0.0601 -0.1859 0.6615 0.9335 3.7985 -0.4673 2.6828 4.0689
0.599 -0.05 7.01 0.9812 0.9457 0.0551 -0.1791 0.9381 0.9357 4.5792 -0.7308 4.3445 4.8938
0.601 -6.02 0.99 0.0000 0.00130 0.1242 -0.1983 0.4064 0.0000 43.1730 -0.1983 0.4064 0.0085
0.599 -6.00 2.03 0.9831 0.7357 0.1019 -0.2022 0.3795 0.6832 0.6349 -0.3315 0.7547 0.9293
0.600 -6.01 3.03 0.9827 0.8605 0.0906 -0.1952 0.3088 0.8316 1.4036 -0.4435 0.9469 1.6878
0.600 -6.02 4.97 0.9824 0.9221 0.0902 -0.2068 0.4328 0.9069 2.9163 -0.6787 1.5997 3.2155
0.600 -6.06 7.07 0.9818 0.9190 0.0978 -0.2347 0.9704 0.9092 4.4936 -1.2942 4.4588 4.9426
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Table 31. Internal and Aeropropulsive Characteristics for Nozzle 28
(a) Internal performance
H ALPHA NPR WP/VI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
0.000 -0.02 1.50 1.0165 0.9086 O.r)004 -7.71 0.1168 -0.0158 0.1060 0.1297
0.000 0.00 1.98 0.9718 0.9343 0.9318 -4.15 0.2037 -0.0148 0.1047 0.2186
0.000 0.00 2.50 0.9733 0.9636 0.9621
0.000 0.01 2.99 0.9735 0.9741 0.9734
0.000 0.i0 3.52 0.9754 0.9738 0.9714
0.000 0.02 4.03 0.9754 0.9779 0.9748
0.000 -0.06 4.50 0.9755 0.9808 0.9772
0.000 -0.05 5.03 0.9764 0.9836 0,9817
0.000 -0.05 5.99 0.9772 0.9888 0,9888
0.000 -0.03 7.01 0.9775 0.9910 0.9908
0.000 -0.04 7.77 0.9774 0.9893 0.9886
-3.20 0.3020 -0.0169 0.1241 0.3139
-2.18 0.3945 -0.0150 0.1239 0.4053
-4.08 0.4917 -0.0350 0.2463 0.5062
-4.58 0.5896 -0.0472 0.3205 0.6048
-4.87 0.6809 -0.0581 0.3966 0.6968
-3.49 0.7877 -0.0480 0.3554 0.8023
-0.61 0.9843 -0.0104 0.1876 0.9955
1.25 1.1917 0.0260 0.0138 1.2028
2.19 1.3426 0.0515 -0.i127 1.3581
(b) Aeropropulsive characteristics
H ALPHA NPR VP/VI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.599 -0.16 1.03 0.0000 0.0000 0.0582 0.0172 -0.3687 0.0000 -0.1065 0.0172 -0.3687 0.0085
0.600 -0.13 1.50 1.0203 0.8557 0.0217 -0.0296 -0.1201 0.7612 0.3907 -0.0934 0.3005 0.5133
0.600 -0.18 2.02 0.9696 0.8945 0.0360 -U._0 0.0125 0.8399 0.7462 -0.1143 0.4301 0.8884
0.600 -0.15 3.00 0.9717 0.9512 0.0328 -0.0623 0.0304 0.9211 1.4860 -0.1275 0.5313 1.6132
0.601 -0.18 3.99 0.9712 0.9592 0.0587 20.0792 0.1327 0.9386 2.2124 -0.2682 1.3750 2.3571
0.600 -0.16 5.01 0.9737 0.9707 0.0426 -0.0715 0.1235 0.9554 3.0190 -0.2738 1.5437 3.1600
0.600 -0.19 5.99 0.9745 0.9811 0.0396 -Q.0394 -0.0409 0.9687 3.8140 -0.1005 0.7070 3.9372
0.600 -0.19 7.01 0.9748 0.9867 0.0333 -0.0279 -0.1507 0.9765 4.6452 0.0581 -0.0955 4.7569
1.203 -0.15 0.97 0.0000 0.0800 0.1994 0.1140 -0.5522 0.0000 -0.2427 0.1140 -0.5522 0.0040
1.204 -0.13 1.53 0.9871 -0.3400 0.1641 0.0921 -0.3657 -0.6740 -0.0876 0.0763 -0.2612 0.1299
1.201 -0.15 1.99 0.9625 0.1224 0.1756 0.0470 -0.1087 -0.0800 -0.0172 0.0318 -0.0050 0.2146
1.201 -0.16 3.99 0.9727 0.6857 0.1756 0.0413 -0.0579 0.6122 0.3620 -0.0059 0.2535 0.5913
1.201 -O.17 6.00 0.9718 0.8232 0.1678 0.0874 -0.3485 0.7790 0.7655 0.0728 -0.1631 0.9826
1.201 -0.15 8.00 0.9736 0.8722 0.1704 0,0867 -0.3995 0.8409 1.1656 0.1451 -0.5551 1.3862
1.201 -0.15 10.02 0.9742 0.8984 0.1680 0.0832 -0.4159 0.8743 1.5773 0.2152 -0.9173 1.8041
1.201 -0.15 12.00 0.9743 0.9111 0.1681 0.0796 -0.4102 0.8915 1.9795 0.2841 -1.2507 2.2204
0.952 -0.II I.I0 0.0000 0.0000 0.0627 0.0209 -0.3856 0.0000 -0.1082 0.0209 -0.3856 0.0047
0.950 -0.16 1.96 0.9715 0.7862 0.0491 -0.0357 -0.0367 0.6525 0.2216 -0.0601 0.1293 0.3396
0.950 -0.16 3.00 0.9713 0.8835 0.0568 -0.0547 0.0682 0.8129 0.5225 -0.0801 0.2646 0.6427
0.948 -0.16 4.98 0.9720 0.9427 0.0518 -O_077_ 0.2016 0.9065 1.1377 -0.1576 0.7641 1.2550
0.950 -0.17 6.97 0.9742 0.9684 0.0488 -0.0447 0.0088 0.9443 1.7803 -0.0115 0.0391 1.8852
0.951 -0.17 9.01 0.9743 0.9749 0.0471 -0,0381 -0.1250 0.9570 2.4361 0.1128 -0.6495 2.5455
0.903 -0.16 1.08 0.0000 0.0000 0.0514 0.0132 -0.4145 0.0000 -0.0972 0.0132 -0.4145 0.0050
0.901 -0.15 1.55 0.9821 0.7836 0.0336 -070173 -0.2039 0.5908 0.1403 -0.0455 -0.0176 0.2376
0.899 -0.14 2.00 0.9725 0.8227 0.0428 -0.0475 -0.0416 0.7060 0.2772 -0.0745 0.1441 0.3927
0.899 -0.15 3.01 0.9720 0.9024 0.0500 -0.0624 0.0458 0.8391 0.6071 -0.0921 0.2728 0.7236
0.900 -0.15 4.01 0.9721 0.9320 0.0543 -0.06_I 0.0811 0.8887 0.9404 -0.1536 0.6454 1.0582
0.902 -0.15 5.00 0.9716 0.9503 0.0500 -0.0797 0.1715 0.9175 1.2780 -0.1696 0.8022 1.3930
0.898 -0.18 7.03 0.9745 0.9745 0.0416 -0.0428 -0.0595 0.9530 2.0292 -0.0028 -0.0409 2.1293
0.899 -0.16 9.03 0.9746 0.9786 0.0412 -0.0372 -0.1860 0.9626 2.7464 0.1334 -0.7786 2.8532
0.799 -0.16 1.05 0.0000 0.0000 0.0530 0.0184 ,0.3952 0.0000 -0.0997 0.0184 -0.3952 0.0057
0.801 -0.16 2.00 0.9721 0.8537 0.0387 -0.D431 ,0.0258 0.7592 0.3750 -0.0773 0.2079 0.4940
0.799 -0.14 3.02 0.9737 0.9209 0.0450 -0.0561 0.0482 0.8700 0.7980 -0.0937 0.3363 0.9173
0.800 -0.15 5.00 0.9726 0.9582 0.0479 -0.0672 0.1504 0.9319 1.6519 -0.1813 0.9518 1.7726
0.800 -O.17 6.97 0.9748 0.9794 0.0380 _.0276 -0.0970 O.9618 2.5549 O.0187 -0.0520 2.6563
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Table 32. Internal and Aeropropulsive Characteristics for Nozzle 29
(a) Internal performance
S ALPHA NPR UP/VI FR/FI FJ/FI
0.000 0.07 1.98 0.9715 0.9606 0.9603
0,000 0.13 2.50 0.9718 0.9788 0.9782
0.000 0.19 3.01 0.9714 0.9822 0.9818
0.000 0.17 3.50 0.9732 0.9873 0.9873
0.000 0.21 3.99 0.9744 0.9852 0.9852
0.000 0.37 4.51 0.9746 0.9799 0.9792
0.000 0.51 4.99 0.9751 0.9760 0.9743
0.000 -0.03 6.00 0.9770 0.9726 0.9716
0.000 -0.05 7.00 0.9773 0.9725 0.9724
DELTAP CFJ CFN CMJ CFI
-1.37 0.2096 -0.0050 0.0525 0.2182
-1.85 0.3061 -0.0099 0.0931 0.3129
-1.68 0.4009 -0.0118 0.1182 0.4083
-0.14 0.4961 -0.0012 0.0581 0.5025
-0.39 0.5878 -0.0040 0.0910 0.5967
-2.22 0.6840 -0.0265 0.2597 0.6985
-3.32 0.7726 -0.0449 0.3995 0.7929
-2.65 0.9690 -0.0448 0.4573 0.9973
-0.47 1.1682 -0.0095 0.3176 1.2014
(b) Aeropropulsive characteristics
M ALPHA NPR UP/UI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.948 -0.02 1.05 0.0000 0.0000 0.0566 -0.0503 -0.2548 0.0000 -0.1013 -0.0503 -0.2548 0.0047
0.951 0.01 1.97 0.9736 0.8497 0.0369 -0.0538 -0.1787 0.7182 0.2450 -0.0615 -0.0976 0.3411
0.947 0.00 3.01 0.9717 0.9238 0.0376 -0.0692 -0.1380 0.8548 0.5565 -0.0880 0.0501 0.6510
0.950 0.01 5.02 0.9712 0.9473 0.0385 -0.0813 0.0769 0.9116 1.1491 -0.1543 0.7244 1.2605
0.949 -0.02 6.97 0.9730 0.9576 0.0360 -0.0289 -0.2619 0.9337 1.7593 -0.0465 0.2498 1.8841
0.951 -0.03 8.99 0.9739 0.9552 0.0450 0.0528 -0.8765 0.9375 2.3812 0.1469 -0.8122 2.5399
0.899 0.01 1.02 0.0000 0.0000 0.0564 -0.0893 -0.0425 0.0000 -0.1018 -0.0893 -0.0425 0.0050
0.898 0.02 1,47 1.0116 0,8013 0.0285 -0.0413 -0.2701 0.5900 0.1269 -0.0441 -0.2360 0.2151
0.900 0.00 2.03 0.9688 0.8772 0.0353 -0.0569 -0.1980 0.7634 0.3048 -0.0662 -0,1003 0.3992
0.900 -0.01 2.96 0.9697 0,9302 0.0373 -0.0635 -0.1583 0.8654 0.6071 -0.0838 0.0439 0.7014
0.900 -0.03 4.03 0.9698 0.9506 0.0412 -0.0967 0.1075 0.9079 0.9652 -0.1037 0.2659 1.0632
0.902 -0.01 5.03 0.9698 0.9498 0.0410 -0.0790 0.0621 0.9173 1.2833 -0.1611 0.7855 1.3990
0.900 -0.04 6.98 0.9731 0.9589 0.0372 -0.0203 -0.2987 0.9372 1.9691 -0.0401 0.2675 2.1009
0.900 -0.01 9.20 0.9744 0.9576 0.0417 0.0778 -1.0725 0.9420 2.7455 0.1974 -1.0525 2.9145
1.201 43.01 0.90 0.0000 0.0000 0.1689 0.0051 -0.1103 0.000(3 -0.2122 0.0051 -0.1103 0.0040
1.201 0.02 1.55 0.9907 -0.0686 0.1376 0.0478 -0.3098 -0.3854 -0.0526 0.0457 -0.2853 0.1365
1.199 0.02 2.02 0.9613 0.3254 0.1433 0.0214 -0.1632 0.1301 0.0288 0.0162 -0.1088 0.2214
1.202 0.00 4.00 0.9714 0.7530 0.1391 0.0012 0.0048 0.6798 0.4019 -0.0026 0.0943 0.5913
1.200 0.00 6.00 0.9711 0.8488 0.1267 0.1002 -0.6067 0.8048 0.7919 0.0558 -0.1537 0.9839
1.198 0.00 7.96 0.9719 0.8770 0.1382 0.1302 -0.8311 0.8457 1.1694 0.1543 -0.6478 1.3828
1.200 -0.01 8.99 0.9737 0.8858 0.1391 0.1562 -1.0198 0.8586 1.3680 0.2159 -0.9794 1.5932
0.799 0.00 1.01 0.0000 0.0000 0.0602 -0.0862 0.0162 0.0000 -0.1068 -0.0862 0.0162 0.0056
0.799 -0.02 2.00 0.9701 0.8764 0.0426 -0.0472 -0.1802 0.7820 0.3858 -0.0587 -O.0612 0.4934
0.801 -0.01 2.98 0.9716 0.9310 0.0452 -0.0589 -0,1002 0.8791 0.787! -0.0848 0.1578 0.8954
0.817 -0.02 5.10 0.9727 0.9554 0.0350 -0.0680 0.0581 0.9288 1.6134 -0.1740 0.9832 1.7371
0.798 -0.01 5.03 0.9727 0.9525 0.0424 -0.0749 0.1015 0_9266 1.6630 -0.1800 1.0289 1.7946
0.799 -0.04 6.99 0.9737 0.9607 0.0410 -0.0109 -0.2763 0.9433 2.5206 -0.0350 0.4387 2.6721
0.600 0.03 1.01 0.0000 0.0000 0.0555 -0.0895 0.0854 0.000(3 -0.1043 -0.0895 0.0854 0.0084
0.602 0.01 1.53 1.0054 0.8795 0.0259 -0.0389 -0.1416 0.7887 0.4220 -0.0468 -0.0486 0.5350
0.601 -0.02 2.01 0.9700 0.9180 0.0402 -0.0491 -0.1140 0.8630 0.7630 -0.0700 0,1006 0.8840
0.600 0.01 3.01 0.9709 0.9579 0.0398 -0.0502 -0.0959 0,9279 1.5039 -0.0967 0.3730 1.6208
0.602 0.02 4.04 0.9713 0.9653 0.0538 -0.1021 0.2741 0,9450 2.2506 -0.1157 0.6272 2.3817
0.599 -0.02 4.97 0.9734 0.9603 0.0495 -0.0898 0.2818 0.9448 2.9653 -0.2671 1.8522 3.1386
0.600 -0.01 5.99 0.9737 0.9622 0.0502 -0,0395 0.0344 0.9498 3.7356 -0.2180 1.8458 3.9330














Internal and Aeropropulsive Characteristics for Nozzle 30
(a) Internal performance
VP/WI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
1.0326 0.9096 0.9041 -6.32 0.1204 -0.0133 0.0742 0.1332
0.9879 0.9406 0.9363 -5.48 0.2205 -0.O212 0.1069 0.2355
0.9877 0.9611 0.9565 -5.58 0.3115 -0.0304 0.1550 0.3256
0.9877 0.9710 0.9665 -5.54 0.4074 -0.0395 0.2036 0.4215
0.9884 0.9810 0.9793 -3.41 0.5072 -0.0302 0.1398 0.5179
0.9901 0.9789 0.9743 -5.56 0.6075 -0.0592 0.2993 0.6235
0.9897 0.9791 0.9733 -6.24 0.6957 -0.0760 0.3964 0.7148
0.9901 0.9800 0.9743 -6.22 0.8018 -0.0874 0.4517 0.8230
0.9920 0.9768 0.9732 -4.91 1.0127 -0.0871 0.4620 1.0406
0.9920 0.9780 0.9774 -1.94 1.2235 . -0.O415 0.2397 1.2518
(b) Aeropropulsive characteristics
M ALPHA NPR _'P/VI F-DN/FI
0.599 5.98 1.02 0.0000 0.0000
0.600 5.99 1.96 0.9826 0.8969
0,600 6.02 2.99 0.9851 0,9530
0.601 6.01 4.97 0.9880 0.9714
0.599 5.96 6.99 0.9898 0.9722
0.600 -0.02 1.01 0.0000 0.0000
0.600 0.02 1.52 1.0256 0.8776
0.600 0.01 2.01 0.9868 0.9006
0.600 0.01 3.00 0.9877 0.9493
0.599 -0.03 4.03 0.9875 0.9623
0.600 0.00 4.96 0.9889 0.9647
0.601 -0.01 5.99 0.9890 0.9683
0.601 -0.02 7.01 0.9897 0.9735
0.600 -6.02 1.00 0.0000 0.0000
0.600 -6.00 2.00 0.9870 0.8367
0.599 -5.99 3.01 0.9875 0.9088
0.600 -6.01 4.97 0.9898 0.9364
0.600 -6.03 7.01 0.9903 0.9588
1.199 -0.03 0.90 0.0000 0.000(3
1.196 0.01 1.51 1.0231 -0.2835
1.199 0.00 2.00 0.9836 0.1632
1.200 -0.02 3.96 0.9894 0.6931
1.199 -0.03 5.99 0.9890 0.8251
1.201 -0.02 8.00 0.9902 0.8776
1.200 0.02 9.96 0.9912 0.8980
1.200 0.01 12.01 0.9909 0.9114
0.950 0.02 1.06 0.0000 0.0000
0.950 -0.01 1.99 0.9904 0.7876
0.951 -0.03 2.98 0.9899 0.8836
0.951 0.00 5.00 0.9892 0.9308
0.952 -0.03 6.97 0.9902 0.9515
0.951 -0.01 8.96 0.9910 0.9623
0.902 5.98 1.05 0.0000 0.0000
0.901 6.00 1.99 0.9900 0.8443
0.900 6.01 2.99 0.9893 0.9263
0.900 6.01 5.00 0.9888 0.9548
0.898 5.97 7.00 0.9905 0.9621
0.900 5.98 9.00 0.9911 0.9567
0.899 -0.03 1.04 0.0000 0.0000
0.899 0.03 1.53 1.0249 0.8060
0.900 0.01 2.01 0.9908 0.8412
0.898 -0.02 3.00 0.9900 0.9174
0.900 0.00 4.00 0.9895 0.9414
0.901 0.00 5.04 0.9887 0.9484
0.900 -0.05 6.97 0.9907 0.9635
0.901 0.00 9.02 0.9909 0.9685
0.900 -6.02 1.03 0.0000 0.0000
0.900 -6.00 2.00 0.9880 0.7265
0.899 -5.99 3.00 0.9870 0.8471
0.899 -6.00 5.01 0.9879 0.9090
0.900 -6.04 6.97 0.9897 0.9400
0.899 -6.02 9.00 0.9902 0.9587
0.801 -0.03 1.03 0.0000 0.0000
0.800 0.00 2.00 0.9870 0.8558
0.801 0.00 3.01 0.9877 0.9271
0.799 0.00 5.02 0.9890 0.9524
0.800 -0.04 6.97 0.9897 0.9660
h
CDN ClZN CMCN F-D/FI C(F-D) CL CM CFI
0,0435 -0.0438 -0.0151 0.00(30 -0.0919 -0.0438 -0.0151 0.0085
0.0444 -0.0654 0.0886 0.8415 0.7364 -0.0603 0.4951 0.8751
0.0323 -0.0772 0.1190 0.9239 1.5372 -0.0638 0,9249 1.6639
0.0345 -0.0718 0.1620 0.9564 3.0952 -0.0832 1.9383 3.2362
0.0272 -0.0332 -0.0320 0.9624 4.7430 0.2956 0.9624 4.9283
0.0498 -0.1506 0.2519 0.000(3 -0.0983 -0.1506 0.2519 0.0085
0.0118 -0.1089 0.0799 0.7897 0.4357 -0.1648 0.3815 0.5518
0.0383 -0.1249 0.1427 0.8479 0.7809 -0.2095 0.5630 0.9210
0.0268 -0.1342 0.1670 0.9203 1.5386 -0.2906 0.9747 1.6718
0.0365 -0.1374 0.2139 0.9428 2.3462 -0.3755 1.4116 2.4885
0.0351 -0.1242 0.2169 0.9496 3.0648 -0.4662 1.9844 3.2274
0.0308 -0.0816 0.1138 0.9563 3.8853 -0.4406 1.9391 4.0626
0.0298 -0.0896 0.0599 0.9637 4.7296 -0.2606 1.0337 4.9079
0.1056 -0.2130 0.3621 0.0000 -0.1542 -0.2130 0.3621 0.0085
0.0823 -0.2012 0.3067 0.7836 0.7168 -0.3750 0.7248 0.9147
0.0706 -0,2029 0.2913 0.8800 1.4855 -0.5304 1.1070 1.6880
0.0704 -0.1915 0.3118 0.9215 2.9860 -0.8638 2.0870 3.2406
0.0548 -0:i403 0.0722 0.9490 4.6819 -0.8164 1.0491 4.9335
0.2155 -0:ii60 0.4901 0.0000 -0.2589 -0.1160 0.4901 0.0040
0.1605 -0'0583 0.1920 -0.6043 -0.0817 -0.0722 0.2670 0.1353
0.1779 -0.0936 0.39i9 -0.0273 -0.0062 -0.1146 0.4964 0.2277
0.1711 -0.0948 0.4311 0.6216 0.3775 -0.1527 0.7229 0.6073
0.1540 -0.0258 0.0959 0.7827 0.8002 -0.1163 0.5549 1.0224
0.1481 -0.0024 -0.1040 0.8475 1.2204 -0.0007 -0.0773 1.4400
0.1493 0.0621 -0.3620 0.8747 1.6319 0.1535 -0.7674 1.8655
0.1460 0.0992 -0.5952 0.8926 2.0632 0.2831 -1.4520 2.3113
0.0750 -0.1280 0.2687 0.0000 -0.1204 -0.1280 0.2687 0.0047
0.0542 -O.1071 0.1860 0.6620 0.2392 -0.1404 0.3512 0.3614
0.0527 -0.1137 0.2493 0.8151 0.5399 -0.1759 0.5685 0.6623
0.0577 -0.1102 0.3050 0.8959 1.1658 -0.2484 1.0203 1.3013
0.0537 -O.1105 0.3418 0.9282 1.8068 -0.1816 0.7418 1.9466
0.0446 -0.0622 0.0017 0.9451 2.4807 0.0098 -0.2931 2.6249
0.0539 -0.0821 0.1483 0.0000 -0.0997 -0.0821 0.1483 0.0050
0.0397 -0.0608 0.0756 0.7308 0.2949 -0.0581 0.2599 0.4036
0.0312 -0.0713 0.1284 0.8647 0.6425 -0.0655 0.4867 0.7431
0.0383 -0.0556 0.1644 0.9232 1.3390 -0.0610 0.9617 1.4503
0.0330 -0_0360 0.0614 0.9413 2.0696 0. ii14 0.5019 2.1986
0.0420 0.0241 -0.3002 0.9411 2.7722 0.4086 -0.6462 2.9456
0.0606 -0.1342 0.2257 0.00(30 -0.1064 -0.1342 0.2257 0.0050
0.0230 -0.0906 0.0412 0.6202 0.1529 -0.1155 0.1757 0.2465
0.0396 -0.1095 0.1359 0.7291 0.2978 -0.1469 0.3217 0.4085
0.0342 -0.1181 0.1769 0.8560 0.6396 -0.1883 0.5371 0.7472
0.0367 -0.0949 0.0823 0.8996 0.9853 -0.1990 0.6084 1.0953
0.0396 -0.0995 0.2200 0.9171 1.3423 -0,2583 1.0160 1.4637
0.0328 -0.0913 0.1557 0.9425 2.0542 -0.1711 0.6023 2.1795
0.0322 -0.0354 -0.1891 0.9530 2.8094 0.0502 -0.5406 2.9479
0.1i06 -0.1908 0.3178 0.0000 -0.1564 -0.1908 0.3178 0,0050
0.0809 -0.1733 0.2460 0.6138 0.2493 -0.2504 0.4316 0.4063
0.0774 -0.1860 0.3300 0.7857 0.5858 -0.3307 0.6905 0.7456
0.0737 -0.1596 0.2968 0.8775 1.2775 -0.4667 1.0947 1.4558
0.0660 -0.1424 0.1827 0.9190 2.0019 -0.4448 0.6310 2.1783
0.0565 -0.0770 -0.1860 0.9431 2.7842 -0.2962 -0.5321 2.9520
0.0591 -0. i325 0.2426 0.0000 -0.1058 -0.1325 0.2426 0.0057
0.0437 -0.1037 0.1276 0.7645 0.3908 -0.1508 0.3616 0.5112
0.0362 -0.1161 0.1841 0.8777 0.8287 -0.2047 0.6402 0.9442
0.0422 -0.0889 0.1986 0.9272 1.7169 -0.2907 1.2088 1.8517
0.037i -0.0745 0.0912 . 0.9491 2.6180 -0.1755 0.6580 2.7585
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Tablc 34. Internal and Aeropropulsive Characteristics for Nozzle 31
(a) Internal performancc
M ALPHA N'PR UP/VI FR/FI
0.OOO 0.08 1.50 1.0321 0.9075
0.000 0.IO 2.00 0.9881 0.9359
0.000 0.14 2.51 0.9881 0.9622
0.000 0.21 3.00 0.9881 0.9730
0.000 0.14 3.48 0.9897 0.9804
0.000 0.27 3.99 0.9901 0,9777
0.000 0.41 4.49 0.9903 0.9769
0.000 0.50 4.99 0.9902 0.9784
0.000 8"_ 6.01 0.9921 0.97790.000 • 7.00 0.9922 0.9794
FJ/FI DELTAP CFJ CFN CMJ CFI
0.9042 -4.87 0.1204 -0.0103 0.0618 0.1331
0.9343 -3.35 0.2133 -0.0125 0.0637 0.2283
0.9608 -3.06 0.3129 -0.0167 0,0773 0.3257
0.9712 -3.51 0.4079 -0.0250 0.1208 0.4200
0.9803 -0.87 0.5039 -0.0077 0.0146 0.5140
0.9763 -3,07 0.6008 -0.0322 0.1504 0.6154
0.9736 -4.71 0.6977 -0.0575 0.2936 0.7166
0.9743 -5.22 0.7976 -0.0729 0.3848 0.8186
0.9739 -5.15 1.0030 -0.0904 0.4619 1,0299
0.9784 -2.59 1.2121 -0.0547 0.3011 1.2388
(b) Acropropulsive charactcristics
M ALPHA NPR VPIVI F-DNIFI CDN CLCN
0.600 5.97 1.02 0.0000 0.0000 0.0528 -0.0718
0.598 6.01 2.00 0.9846 0.8964 0.0451 -0.0475
0.598 6.02 3.02 0.9863 0.9509 0.0358 -0.0373
0.598 6.01 5.00 0.9950 0.9646 0.0298 -0.0718
0.598 5.95 7.04 0.9900 0.9740 0.0296 -0.0202
0.602 -0.02 1.02 0.000(3 0.0000 0.0491 -0.1356
0.601 0.00 1.55 1.0204 0.8695 0.0168 -0.IOOO
0.600 0.02 2.01 0.9856 0.9031 0.0378 -0.1063
0.601 -0.02 3.03 0.9867 0.9542 0.0279 -0.0996
0.600 0.O0 3.99 0.9872 0.9645 0.0360 -0.1023
0.599 0.00 4.98 0.9851 0.9670 0.0404 -0.1246
0.600 -0.02 5.96 0.9893 0.9680 0.0340 -0.0766
0.600 -0.05 7.03 0.9903 0.9742 0.0304 -0.0787
0.599 -6.03 1.00 0.0000 0.0000 0.1042 -0.1976
0.598 -5.99 2.01 0.9868 0.8453 0.0802 -0.1813
0.598 -5.99 2.95 0.9879 0.9167 0.0670 -O.1792
0.598 -6.00 5.01 0.9889 0.9386 0.0732 -0.1918
0.598 -6.04 7.03 0.9908 0.9581 0.0585 -0.1344
1.199 -0,01 0,95 0.0000 0.0000 0.2140 -0.0713
1.200 0.01 1.51 1.0188 -0.4109 0.1744 -0.0465
1.200 0.01 2.02 0.9815 0.1182 0.1907 -0.0808
-0.I001
1.202 -0.03 3.99 0.9886 0.6743 _ 1848
1.200 0.00 6.04 0.9880 0.8177 _[1642 -0.0177
1.201 -0.01 7.97 0.9894 0.8726 .1569 0.0160
1.199 -0.01 9.97 0.9902 0.8949 0.1597 0.0959
1.201 0.00 11.99 0.9903 0.9091 0.1561 0.1553
0.948 0.01 1.06 0.0000 0.0000 0.0828 -0.1167
0.948 0.01 2.06 0.9891 0.7762 0.0639 -0.1038
0.95i -0.01 3.04 0.9888 0.8701 0.0666 -0.0980
0.952 0.01 5.05 0.9885 0.9256 0.0657 -0.1058
0.951 -0.01 6.94 0.9891 0.9481 0.0639 -0.1119
0.951 -0.03 8.92 0.9906 0.9624 0.0497 -0.0367
0.902 5.99 1.06 0.000(3 0.0000 0.0562 -0.0734
0.902 6.02 2.01 0.9907 0.8366 0.0419 -0.0529
0.904 6.01 3.01 0.9900 0.9205 0.0353 -0.0488
0.903 5.99 5.03 0.9890 0.9521 0.0396 -0.0603
0.901 5.97 6.96 0.9902 0.9626 0.0370 -0.0461
0.902 5.99 9.00 0.9909 0.9594 0.0450 0.0605
0.900 -0.04 1.05 0.000(3 0.000(3 0.0591 -0.1239
0.904 0.02 1.54 1.0141 0.8008 0.0257 -0.0876
0.901 0.02 2.06 0.9911 0.8468 0.0406 -0.1027
0,898 -0.01 3.01 0.9885 0.9201 0.0365 -0.0957
0.901 0.01 4.01 0.9895 0.9443 0.0357 -0.0545
0.899 0.81 5.02 0.9894 0.9455 0.0431 -0.10650.899 -0. i 6.98 0.9903 0.9631 0.0373 -0.0979
0.901 -0.01 9.01 0.9911 0.9704 0.0312 -0.0007
0.898 -6.02 1.03 0.000(3 0.000(3 0.1070 -0.1829
0.900 -5.99 2.01 0.9904 0.7408 0.0769 -0.1644
0.898 -5.99 2.99 0.9900 0.8556 0.0746 -0.1630
0.897 -6.00 5.01 0.9894 0.9098 0.0738 -0.1694
0.899 -6.03 6.97 0.9901 0.9393 0.0673 -0.1538
0.901 -6.02 9.00 0.9910 0.9609 0.0462 -0.0428
0.801 -0.03 1.03 0.0000 0.0000 0.0589 -0.1246
0.800 0.00 2.01 0.9884 0.8593 0.0425 -0.0949
0.800 -0.02 3.01 0.9890 0.9320 0.0345 -0.0910
0.801 -0.01 4.99 0,9890 0.9526 0.0418 -0.1022
0.800 -0.04 6.98 0.9906 0.9662 0.0378 -0.0805
CMCN F-DIFI C(F-D) CL CM CFI
0.0977 0.000(3 -0.1011 -0.0718 0.0977 0.0085
-0.0326 0.8434 0.7686 -0.0070 0.2216 0.9114
-0.0773 0.9222 1.5559 0.0348 0.4071 1.6871
0.1323 0.9499 3.1251 -0.0283 1.6746 3.2900
-0.0005 0.9642 4.7914 0.2730 1.1789 4.9692
0.1865 0.000(3 -0.0975 -0.1356 0.1865 0.0084
O.0108 0.7837 0.4417 -0.1416 0.2560 0.5636
0.0292 0.8498 0.7730 -0.1558 O.2819 0.9096
-0.0141 0.9254 1.5561 -0.1999 0.4676 1.6814
-0.0019 0.9447 2.3055 -0.2304 0.5959 2.4405
0.1830 0.9520 3.0728 -0.4124 1.7011 3.2277
0.0944 0.9560 3.8608 -0.4334 1.9141 4.0386
0.0908 0.9644 4,7501 -0.2962 1.2694 4.9255
0.3006 0.0000 -0.1526 -0.1976 0.3006 0.0085
0.1857 0,7925 0.7273 -0.3215 0.4404 0.9177
0.1567 0.8871 1.4550 -0.4430 0.6334 1.6402
0.2959 0.9238 3.0321 -0.8174 1.8390 3.2822
0.1226 0.9484 4.7080 -0.8593 1.3057 4.9644
0.2143 0.0OO0 -0.2573 -0.0713 0.2143 0.0040
0.I071 -0.7380 -0.0979 -0.0568 0.1685 0.1326
0.2826, -0.0709 -0.0163 -0.0932 0.3459 0.2294
0.4475 0.6030 0.3671 -0.1323 0.5965 0.6089
0.0456 0.7753 0.7932 -0.1064 0.4990 1.0231
-0.2108 0.8421 1.2002 -0.0043 -0.0667 1.4252
-0.6462 0.8715 1.6189 0.1468 -0.8228 1.8576
-0.9885 0.8901 2.0389 0.2783 -1.4876 2.2906
0.1445 0.0000 -0.1281 -0.1167 0.1445 0.0047
0.0810 0.6570 0.2499 -0.1240 0.1825 0.3804
0.0825 0.8029 0.5412 -0.1380 0.2748 0.6740
0.2454 0.8909 1.1638 -0.2220 0.8588 1,3063
0.3358 0.9246 1.7834 -0.2023 0.8283 1.9288
-0.2017 0.9450 2.4531 -0.0157 -O.2153 2.5961
0.0583 0.0000 -0.1020 -0.0734 0.0583 0.0050
-0.0350 0.7235 0.2925 -0.0349 0.0768 0.4043
-0.0539 0.8585 0.6327 -0.0177 0.1574 0.7370
0.1231 0.9205 1.3329 -0.0411 0.8032 1.4481
0.1247 0.9414 2.0319 0.0757 0.6661 2.1584
-0.5553 0.9437 2.7534 0.3886 -0.5930 2.9176
0.1374 0.0000 -0.1048 -0.1239 0.1374 0.0050
-0.0364 0.6154 0.1517 -0.1059 0,0720 0.2465
0.0381 0,7390 0.3136 -0.1250 0.1508 0.4243
-0.0070 0.8588 0.6406 -0.1402 0.2073 0.7459
-0.2456 0.9024 0.9853 -0.1128 0.0294 1.0918
0.1597 0.9141 1.3314 -0.2361 0.8439 1.4566
0.2027 0.9421 2.0498 -0.1968 0.7427 2.1758
-0.4374 0.9548 2.7984 0.0288 -0.4760 2.9310
0.2360 0.0000 -0.1527 -0.1829 0.2360 0.0050
0.1394 0.6286 0.2563 -0.2264 0.2520 0.4076
0.1359 0.7940 0.5899 -0.2819 0.3495 0.7430
0.2584 0.8785 1.2833 -0.4478 0.9448 i.4607
0.2567 0,9183 1.9966 -0.4761 0.7989 2.1743
-0.4245 0.9453 2.7632 -0.3142 -0.4609 2.9232
0.1611 0.0000 -0.1055 -0.1246 0.161! 0.0057
0.0210 0.7685 0.3949 -0.1228 0.1633 0.5138
-0.0104 0.8825 0.8325 -0.1474 0.260! 0.9433
0.1582 0.9270 1.6860 -0.2646 1.0138 i.8189
0.1557 0.9492 2.6115 -0.2063 0.8373 2.7511
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Table 35. Internal and Aeropropulsive Characteristics for Nozzle 32
(a) Internal performance
M ALPHA NPR IIP/_I FR/FI FJ/FI
0.000 0.06 1.50 1.0285 0.9249 0.9212
0.000 0.07 2.01 0.9872 0.9480 0.9462
0.000 0.i0 2.50 0.9859 0.9717 0.9704
0.000 0.16 2.97 0.9863 0.9790 0.9769
0.000 0.i0 3.45 0.9881 0.9862 0.9861
0.000 0.25 3.95 0.9884 0.9832 0.9819
0.000 0.39 4.47 0.9888 0.9818 0.9780
0.000 0.49 4.99 0.9897 0.9834 0.9780
0.000 0.58 5.97 0.9916 0.9816 0.9764
0.000 0.48 6.96 0.9921 0.9817 0.9804
DELTAP CFJ CFN CMJ CFI
-5.09 0.1235 -0.0110 0.0605 0.1341
-3.49 0.2181 -0.0133 0.0613 0.2305
-2.96 0.3130 -0.0162 0.0706 0.3225
-3.75 0.4036 -0.0265 0.1208 0.4132
-0.90 0.5026 -0.0079 0.0151 0.5097
-2.95 0.5970 -0.0308 0.1368 0.6080
-5.01 0.6966 -0.0611 0.2831 0.7122
-5.98 0.8015 -0.0839 0.3726 0.8195
-5.93 0.9982 -0.1038 0.4423 1.0223
-2.98 1.2069 -0.0628 0.3005 1.2311
(b) Aeropropulsive characteristics
M ALPHA NPR _P/_E F-DN/FI CDN CL_ CMCN F-D/FI C(F-D) CL CM CFI
0.597 6.00 1.02 0.0000 0.0000 0.0542 -0.0900 _ 0.2188 0.0000 -0.1025 -0.0900 0.2188 0.0085
0.598 6.01 2.04 0.9864 0.8911 0.0545 -0.0557 0.0495 0.8398 0.7927 -0.0154 0.2947 0.9439
0.600 6.00 3.03 0.9862 0.9497 0.0496 -0.0449 -0.0200 0.9210 1.5546 0.0219 0.4636 1.6878
0.600 6.00 4.96 0.9885 0.9678 0.0543 .-0.0649 0.2141 0.9528 3.0769 -0.0605 1.6697 3.2293
0.599 5.96 7.02 0.9899 0.9719 0.0517 -0.0075 0.0883 0.9621 4.7587 0.2593 1.2476 4.9460
0.599 -0.02 1.02 0.0000 0.0000 0.0676 -0.1539 0.3352 0.0000 -O.1161 -O.1539 0.3352 0.0084
0.598 0.02 1,53 1.0214 0.8443 0.0435 -0.0945 0.0748 0.7567 0.4187 -0.1388 0.3168 0.5533
0.598 0.01 2.04 0.9891 0.8894 0.0533 -0.i072 0.1120 0,8382 0.7942 -O.1607 0.3569 0.9475
0.598 -0.02 3.05 0.9868 0.9483 0.0506 -0.0963 0.0408 0.9201 1.5826 -0.2042 0.5290 1.7200
0.598 0.01 3.98 0.9869 0.9597 0.0576 -0.1048 0.0569 0.9399 2.2984 -0.2276 0.6045 2.4454
0.598 -0.01 4.96 0.9893 0.9597 0.0612 -0.1076 0.2553 0.9448 3.0654 -0.4363 1.7135 3.2446
0.598 -0.01 5.99 0.9892 0.9657 0.0542 _0.0508 0.1459 0.9538 3.9037 -0.4681 1.9194 4.0928
0.599 49.01 7.01 0.9904 0.9720 0.050I -0.0675 0.1736 0.9622 4.7480 -0.3105 1.3414 4.9345
0.600 -6.02 1.01 0.0000 0.0000 0.1244 -0.2068 0.4160 0.0000 -0.1728 -0.2068 0.4160 0.0084
0.599 -6.00 2.01 o.9859 0.8283 0.o992 -0.1732 0.2417 o.7755 0.7126 -0.3169 0.486o 0.9189
0.599 -5.99 3.02 0.9873 0.9110 0.0908 -0.1642 0.1852 0.8824 1.4915 -0.4425 0.6699 1.6904
0.599 -6.01 5.01 0.9899 0.9319 0.0975 -0.1627 0.3214 0.9172 3.0122 "-0.8354 1.8240 3.2843
0.599 -6.03 7.03 0.9903 0.9554 0.0819 -0.1058 0.1630 0.9456 4.6936 --0.8549 1.3181 4.9636
1.199 -0.02 0.88 0.0000 0,0000 0.2437 -0.1519 0.7053 0.0000 -0.2869 -0.1519 0.7053 0.0040
1.200 0.00 1.41 1.0337 -0.6712 0.1820 -0.0488 0.1954 -I.0537 -0.1190 -0.0593 0.2553 0.1129
1.201 -0.02 2.02 0.9781 0.0777 0.2009 -0.0914 0.4138 -0.1111 -0.0254 -0.1047 0.4745 0.2289
1.200 -0.03 3.99 0.9871 0.6572 0.1987 -0.1167 0.5653 0.5863 0.3576 43.1477 0.7016 0.6100
1.200 -0.01 6.02 0.9877 0.8075 0.1767 -0.0167 0.1853 0.7651 0.7811 -0.1208 0.6278 1.0209
1.200 -0.02 8.03 0.9897 0.8685 0.1670 0.0177 -0.1560 0.8386 1.2105 -0.0013 -0.0093 1.4435
1.200 0.01 10.05 0.9901 0.8930 0.1675 0.087i -0.6478 0.8699 1.6315 0.1518 -0.7876 1.8755
1.200 0.02 12.04 0.9905 0.9056 8 1673 0.1319 -1.0210 0.8868 2.0451 0.2784 -1.4429 2.3061
0.950 -0.02 1.03 0.0000 0.0000 _ii13 -0.0910 0.1771 0.0000 -0.1566 -0.0910 0.1771 0.0047
0.949 0.00 2.01 0.9893 0.6926 0,0922 -0.1043 0.2391 0.5692 0.2086 -0.1254 0.3363 0.3665
0.949 -0.03 3.01 0.9881 0.8351 0.0944 _ 1036 0,2312 0.7676 0.5149 -0.1463 0.4238 0.6708
0.950 -0.01 5.04 0.9883 0.9053 0.0969 [ [i037 0.3735 0.8708 1.1412 -0.2405 0.9802 1.3106
0.951 -0.03 6.98 0.9904 0.9361 0.0895 -0.1156 0.4872 0.9129 1.7777 -0.2142 0.9570 1.9474
0.951 -0.01 9.01 0.9907 0.9537 0.0770 -0.0439 -0.1644 0.9365 2.4651 -0.0098 -0.1515 2.6321
0.900 6.00 1.06 0.0000 0.0000 0.0719 -0.0978 0.2351 0.0000 -0.I176 -0.0978 0.2351 0.0050
0.901 6.00 2.01 0.9878 0.8036 0.0580 -0.0661 0.0882 0.6912 0.2806 -0.0492 0.1959 0.4060
0.903 6.01 3.02 0.9876 0.9014 0.0568 -0.06i4 0.0593 0.8401 0.6254 -0.0319 0.2725 0.7444
0.9000.9005.975.98 5.007.00 0.99000.98830.95720.94340.054899 -0.0635-0.06340.2344 0.9118 1.3195 -0.0640 0.8960 1.4471
0.2820 0.9364 2.0458 0.0528 0.8013 2.1848
0.904 6.00 9.04 0.9911 0.9559 0.0579 0.0244 -0.4531 0.9403 2.7534 0.3652 -0.4472 2.9281
0.902 -0.02 1.05 0.0000 0.0000 0.0747 -0.1556 0.3360 0.0000 -0.1203 -0.1556 0.3360 0.0049
0.904 0.02 1.54 1.0150 0.7495 0.0436 -0.1003 0.0816 0.5648 0.1394 -0.1197 0.1874 0.2469
0.903 0.00 2.07 0.9904 0.8200 0.0531 -0. I165 0.1531 0.7125 0.3025 -0.1403 0.2607 0.4245
0.899 0.02 3.01 0.9889 0.9033 0.0536 -0.1078 0.1012 0.8422 0.6297 -0.1548 0.3161 0.7477
0.901 0.00 4.03 0.9890 0.9330 0.0530 -0.0761 -0.0919 0.8915 0.9795 -0.1309 0.1510 1.0987
0.903 43.01 5.00 0.9882 0.9378 0.0599 -0.1062 0.2609 0.9060 1.3004 -0.2538 0.9156 1.4354
0.899 -0.01 7.00 0.9912 0.9568 0.0538 -0.1i04 0.3298 0.9359 2.0485 -0.2186 0.8499 2.1887
0.900 -0.01 9.05 0.9910 0.9681 0.0429 -0.0244 -0.3945 0.9527 2.8142 0.0163 -0.3902 2.9541
0.899 -6.03 1.03 0.0000 0.0000 0.1212 -0.1981 0.3533 0.0000 -0.1668 -0.1981 0.3533 0.0050
0.900 -6.00 2.02 0.9889 0.7164 0.0894 -0.1694 0.2136 0.6054 0.2489 -0.2335 0.3218 0.4112
0.899 -6.01 3.01 0.9885 0.8460 0.0878 -0.1685 0.2071 0.7851 0.5874 -0.2918 0.4219 0.7482
0.899 -6.01 5.02 0.9886 0.9028 0.0876 -0.1581 0.3080 0.8715 1.2728 -0.4585 0.9807 1.4604
0.899 -6.03 6.99 0.9899 0.9344 0.0821 -0.1559 0.3372 0.9135 1.9961 -0.4896 0.8609 2.1851
0.900 -6.01 9.05 0.9909 0.9580 0.0613 -0.0611 -0.4349 0.9426 2.7845 -0.3237 -0.4318 2.9541
0.799 0.00 1.03 0.0000 0.0000 0.0700 -0.1481 0.3245 0.0000 -0. I166 -0.1481 0.3245 0.0057
0.799 0.00 2.08 0.9921 0.8521 0.0502 -0.1064 0.1172 0.7670 0.4196 -0.1368 0.2546 0.5471
0.801 0.00 3.02' 0.9891 0.9238 0.0484 -0.0984 0.0760 0.8747 0.8285 -0.1580 0.3469 0.9472
0.802 0.00 5.01 0.9902 0.9482 0.0535 -0.0909 0.2336 0.9228 1.6855 -0.2788 1.0682 1.8265














Internal and Aeropropulsive Characteristics for Nozzle 33
(a) Internal performance
WP/VI FR/FI FJ/FI DELTAP CFJ CFN CMJ CFI
1.0062 0.9514 0.9493 -3.87 0.1279 -0.0087 0.0451 0.1348
0.9818 0.9559 0.9539 -3.72 0.2214 -0.0144 0.0675 0.2321
0.9806 0.9544 0.9528 -3.37 0.3072 -0.0181 0.0839 0.3224
0.9798 0.9542 0,9529 -2.90 0,3930 -0.0199 0.I001 0.4124
0.9815 0.9517 0.9496 -3.82 0.4847 -0.0324 0.1758 0.5104
0.9818 0.9545 0.9538 -2.25 0.5790 -0.0228 0.1396 0.6070
0.9818 0.9548 0.9545 -1.48 0.6794 -0.0176 0.1280 0.7118
0.9823 0.9528 0.9527 -0.78 0.7770 -0.0106 0.ii01 0.8155
0.9832 0.9467 0.9466 -0.80 0.9672 -0.0135 0.1665 1.0218
0.9823 0.9452 0.9452 0.04 1.1582 0.0007 0.1420 1.2252
(b)
M ALPBA _ B_P/_I F-DN/FI CDN CLCN
0.600 0.00 1.01 0.0000 0.0000 0.0750 -0.1540
0.598 0.00 1.48 1.0020 0.8695 0.0465 -0.0889
0.598 0.02 2.04 0.9819 0.8963 0.0548 -0.0946
0.598 0.01 3.03 0.9798 0.9223 0.0534 -0.0859
0.599 -0.02 3.98 0.9793 0.9285 0.0676 -0.1269
{).599 0.01 4.98 0.9816 0.9313 0.0714 -0.1601
0.599 0.01 6.00 0.9813 0.9286 0.0810 -0.1965
0. 599 -0.04 6.99 0.9815 0. 9340 0. 0590 -0. 0954
1.201 -0.02 0.85 0.000(3 0.0000 0.2330 -0.0579
I.195 0.01 1.49 1.0043 -0. 5770 0.1976 -0.0278
1.200 -0.01 2.00 0.9743 -0.0032 0.2174 -0.0731
i.199 -0.01 4.03 O. 9813 0.6276 0. 2019 -0.0592
I.200 -0.02 6.03 0. 9802 O.7778 O. 1749 0.0631
i.200 0.00 7.97 0. 9814 O.8284 0. 1628 0.1144
1.201 0.02 I0.01 0.9820 0.8573 0.1437 0.2299
I.203 0.04 12.01 0. 9819 0.8685 0.1344 0.3510
0.947 0.00 0.99 0.0000 0.0000 0.1153 -0.0362
0.951 0.00 2.02 0.9828 0.6627 0.1068 -0.0959
0.950 -0.03 3.03 0.9820 0.7868 0. Iii0 -0.1077
0.951 0.01 5.00 0.9811 0.8700 0.1081 -0.1069
0.952 -0.03 6.99 0.9822 0.8980 0.0917 -0.0457
0.950 0.01 8.98 0.9819 0. 9098 0.0755 0.0576
0.900 -0.02 1.00 0.0000 0.0000 0.0932 -0.1146
0.900 0.02 1.52 0.9975 0.6785 0.0659 -0.0931
0.902 0.01 2.02 0.9834 0.7747 0.0726 -O.1088
0.902 0.00 3.03 0.9820 O. 8542 0. 0726 -0.1057
0.902 -0.02 4.02 0.9818 O. 8834 0. 0765 -0.1364
0.903 0.00 4.97 0.9810 0.8991 0.0781 -0.1292
0.899 -0.02 6.97 0.9820 0. 9188 0. 0581 -0.0574
0.900 0.00 9.03 0.9823 0.9250 0.0385 0.0726
0.802 0.01 1.01 0,0000 0.0000 0.0829 -0.1567
0.803 0.01 2.01 O.9826 0.8378 O. 0586 -0.1052
0.802 0.01 3.03 0.9831 0.8933 0.0541 -0.1011
0.802 0.01 4.97 0.9816 0. 9152 O. 0689 -0.1444
0.802 -0.01 7.00 O.9824 O. 9254 O. 0538 -O.O601
Aeropropulsive characteristics
CMCN F-D/FI C(F-D) CL CM CFI
0.2752 0.(X)(X} -0.1232 -0.1540 0.2752 0.0084
0.0385 0.7741 0.3914 -0.1221 0.2128 0.5056
0.0588 0.8451 0.7959 -0.1527 0.3319 0.9418
0.0228 0.8938 1.5159 -0.1658 0.4329 1.6960
0.2676 0.9086 2.2075 -0.2189 0.8273 2.4295
0.4648 0.9164 2.9629 -0.2027 0.9050 3.2331
0.68i0 0.9168 3.7359 -0.2501 1.3474 4.0750
0.1899 0.9241 4.5233 -0.0948 0.7540 4.8947
0.2565 0.0000 -0.2761 -0.0579 0.2565 0.0040
0.1149 -0.9120 -0.1175 -0.0362 0.1589 0.1288
0.3294 -0.1946 -0.0439 -0.0872 0.3957 0.2255
0.3192 0.5577 0.3446 -0.0822 0.4609 0.6179
-0.3252 0.7353 0.7488 0.0493 -0.1579 1.0183
-0.6087 0.7981 1.1352 0.1293 -0.4924 1.4224
-1.2660 0.8340 1.5462 0.2748 -1.2004 1.8541
-1.9583 0.8496 1.9349 0.4250 -1.9423 2.2775
-0.1296 0.0000 -0.1605 -0.0362 -0.1296 0.0047
0.1938 0.5400 0.1986 -0.1187 0.3007 0.3677
0.2384 0.7199 0.4850 -0.1398 0.4009 0.6738
0.2726 0.8351 1.0779 -0.1234 0.4462 1.2908
-0.0364 0.8747 1.6929 -0.0451 0.1865 1.9354
-0.6563 0.8925 2.3280 0.1048 -0.5107 2.6084
0.1620 0.00OO -0.1388 -0.1146 0.1620 0.0050
0.0639 0.4858 0.1148 -0.1084 0.1436 0.2363
0.1315 0.6632 0.2707 -0.1340 0.2500 0.4082
0.1095 0.7931 0.5910 -0.1409 0.2892 0.7451
0.3289 0.8415 0.9139 -0.1771 0.5781 1.0861
0.2961 0.8670 1.2324 -0.1483 0.4902 1.4214
-0.0737 0.8977 1.9418 -0.0570 0.1770 2.1631
-0.7854 0.9095 2.6633 0.1262 -0.6254 2.9284
0.3162 0.0000 -0.1293 -0.1567 0.3162 0.0057
0.0985 0.7464 0.3793 -0.1366 0.2466 0.5081
0.0823 0.8442 0.7978 -0.1455 0.3100 0.9451
0.3815 0.8894 1.6022 -0.1683 0.6273 1.8014
-O.0331 0.9085 2.4835 -0.0583 0.2811 2.7337
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Tablc 37. Intcrnal and Aeroprolmilsive Charactcristics for Nozzlc 34
(a) Internal performance
M _P_ _R _/_ _I
0.000 -0.02 1.48 1.0086 0.9602 0.9546
0.000 0.01 2.02 0.9833 0.9565 0.9530
0.000 -0.03 2.51 0.9821 0.9561 0.95(/6
0.000 -0.02 2.98 0.9810 0.9580 0.9462
0.000 -0.05 3.46 0.9826 0.9611 0.9564
0.000 -0.04 3.96 0.9830 0.9659 0.9650
0.000 -0.03 4.47 0.9823 0.9709 0.9709
0.000 -0.03 4.98 0.9827 0.9715 0.9708
0.000 0.00 6.05 0.9838 0.9716 0.9675
0.000 0.02 7.00 0.9828 0.9720 0.9646
FJ/FI DELTAP CFJ CFN _ CFI
-6.17 0.1218 -0.0132 0.0689 0.1276
-4.92 0.2216 -0.0191 0.1062 0.2325
-6.16 0.3088 -0.0333 0.1776 0.3248
-9.00 0.3918 -0.0621 0.3111 0.4141
-5.65 0.4871 -0.0482 0.2672 0.5093
-2.42 0.5874 -0.0248 0.1721 0.6087
0.08 0.6883 0.0010 0.0565 0.7089
2.27 0.7899 0.0313 -0.0742 0.8137
5.26 0.9994 0.0920 -0.3563 1.0329
7.06 1.1875 0.1472 -0.6159 1.2310
(b) Aeropropulsivc characteristics
M ALPHA NPR WP/WI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.599 -0.03 1.03 0.0000 0.0000 0.0597 0.00_--20.2176 0.0000 -0.1078 0.0016 -0.2176 0.0084
0.600 0.01 1.51 0.9964 0.8733 0.0450 -0.0516 0.0355 0.7820 0.4126 -0.1052 0.3174 0.5277
0.599 0.00 2.00 0.9779 0.8955 0.0568 -0.0729 0.1132 0.8423 0.7634 -0.1481 0.5307 0.9064
0.600 -0.04 3.02 0.9790 0.9189 0.0477 -0,0879 0.2020 0.8900 1.4848 -0.3294 1.4142 1.6683
0.600 0.00 4.02 0.9785 0.9434 0.0650 -0.0773 0.1792 0.9237 2.2582 -0.1678 0.8327 2.4448
0.600 -0.03 4.96 0.9811 0.9555 0.0543 -0.0447 0.0023 0.9404 3.0161 0.0729 -0.2705 3.2071
0.599 -0.01 5.96 0.9812 0.9558 0.0591 -0.0030 -0.1678 0.9438 3.8099 0.3442 -1.5007 4.0367
0.599 0.01 7.00 0.9816 0.9552 0.0517 0.0184 -0.2911 0.9453 4.6237 0.6042 -2.7368 4.8913
1.207 0.02 0.91 0.0000 0.0000 0.2430 0.1167 -0:4666 0,0000 -0.2859 0.1167 -0.4666 0.0040
1.200 0.02 1.49 0.9641 -0.8428 0.2259 0.1481 -0.5895 -1.1935 -0.1466 0.1350 -0.5206 0.1228
1.202 -0.01 1.99 0.9729 -0.0747 0.2294 0.0232 0.0208 -0.2696 -0.0596 0.0046 0.1235 0.2212
1.200 0.03 3.98 0.9791 0.5939 0.2271 0.0721 -0.2285 0.5227 0.3165 0.0485 -0.0603 0.6055
1.200 0.02 6.02 0.9798 0.7460 0.2290 0.1221 -0.5136 0.7035 0.7144 0.2121 -0.8600 1.0154
1.200 0.04 7.98 0.9817 0.8111 0.2137 0.1336 -0.5823 0.7808 1.1124 0.3367 -1.4576 1.4247
1.200 0.03 9.98 0.9813 0.8425 0.2026 0.1373 -0.6142 0.8191 1.5124 0.4546 -2.0264 1.8463
0.949 0.01 0.99 0.00(30 0.0000 0.1665 0.1275 -0.7536 0.000(3 -0.2116 0.1275 -0.7536 0.0047
0.951 -0.04 2.01 0.9815 0.6046 0.1269 0.0244 -0.1815 0.4803 0.1741 -0.0058 -0.0152 0.3626
0.951 -0.02 3.01 0.9806 0.7480 0.1314 0.0024 -0.0361 0.6801 0.4514 -0.0940 0.4481 0.6637
0.950 -0.01 5.00 0.9806 0.8627 0.1423 -0.0088 -0.0987 0.8278 1.0687 0.0423 -0.2241 1.2910
0.950 0.00 6.99 0.9821 0.8936 0.1395 0.0157 -0.3045 0.8704 1.6922 0.2479 -1.2753 1.9442
0.950 0.05 8.99 0.9818 0.9036 0.1374 0.0215 -0.4140 0.8864 2.3178 0.4386 -2.2454 2.6150
0.899 0.04 1.03 0.0000 0.0000 0.1008 0.0644 -0.5108 0.0000 -0.1463 0.0644 -0.5108 0.0050
0.900 0.03 1.53 0.9889 0.6828 0.0666 -0.0271 '0.0595 0.4908 0.1164 q3.0511 0.0672 0.2372
0.900 0.01 2.03 0.9811 0.7712 0.0761 -0.0802 0.2027 0.6608 0.2725 -0.1140 0.3912 0.4123
0.903 -0.01 3.02 0.9815 0.8486 0.0715 -0.0466 0.0722 0.7871 0.5826 -0.1529 0.6077 0.7402
0.901 0.01 4.02 0.9814 0.8923 0.0815 -0.0763 0.1583 0.8505 0.9261 -0.1160 0.4477 1.0889
0.897 -0.01 4.98 0.9802 0.9169 0.0811 -0.0555 0.0258 0.8852 1.2724 -0.0009 -0.1028 1.4374
0.902 0.02 6.99 0.9821 0.9285 0.0794 -0.0098 -0.2432 0.9074 1.9573 0.2485 -1.3203 2.1572
0.900 0.03 9.01 0.9817 0.9286 0.0808 0.0060 q3.3827 0.9130 2.6644 0.4716 -2.4314 2.9185
0.801 -0.01 1.04 0.0000 0.0000 0.0713 0.0141 -0.3193 0.00430 -0.1178 0.0141 -0.3193 0.0057
0.802 0.02 2.03 0.9817 0.8465 0.0564 -0.1072 0.2856 0.7571 0.3932 -0.1497 0.5228 0.5193
0.801 -0.01 3.02 0.9823 0.8934 0.0479 -0.0513 0.0679 0.8441 0.7945 -0.1864 0.7484 0.9413
0.800 -0.02 4.99 0.9818 0.9380 0.0615 -0.0528 0.0129 0.9124 1.6582 0.0173 -0.1565 1.8174
0.800 0.01 6.97 0.9824 0.9416 0.0641 0.0012 -0.2703 0.9246 2.5252 0.3263 -1.6271 2.7311
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Table 38. Internal and Aeropropulsive Characteristics for Nozzle 35
(a) Internal performance
M ALPHA NPR UP/UI FRIFI FJIFI
0.000 0.05 1.52 1.0080 0.9696 0.9688
0.000 0.08 2.01 0.9820 0.9761 0.9753
0.000 0.12 2.50 0..9810 0.9743 0.9736
0.000 0.14 2.98 0.9806 0.9745 0.9741
0.000 0.23 3.47 0.9816 0.9712 0.9708
0.000 0.22 3.96 0.9823 0.9706 0.9706
0.000 0.27 4.47 0.9821 0.9658 0.9658
0.000 0.28 4.99 0.9819 0.9617 0.9617
0.000 0.23 6.02 0.9840 0.9564 0.9562
0.000 0.01 6.98 0.9842 0.9547 0.9522
DELTAP CFJ CFN CMJ CFI
-2.32 0.1312 -0.0053 0.0307 0.1354
-2.27 0.2246 -0.0089 0.0505 0.2303
-2.17 0.3134 -0,0119 0.0695 0.3218
-1.56 0.4025 -0.0110 0.0730 0.4132
-1.59 0.4944 -0.0138 0.0999 0.5093
-0.60 0.5885 -0.0062 0.0761 0.6063
-0.67 0.6844 -0.0080 0.1064 0.7087
-0.22 0.7826 -0.0030 0.1061 0.8138
1.36 0.9802 0.0233 0.0325 1.0251
4.12 1.1669 0.0841 -0.2480 1.2254
(b) Aeropropulsive characteristics
M ALPHA NPR VP/UI F-DN/FI CDN CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.599 -0.02 1.02 0.0000 0.0000 0.0543 -0.0994 0.0827 0.0000 -0.I022 -0.0994 0.0827 0.0084
0.599 0.01 1.49 1.0019 0.8979 0.0433 -0.0368 -0.1450 0.8034 0.4084 -0.0570 -0.0276 0.5083
0.598 0.01 2.03 0.9815 0.9217 0.0501 -0.0502 -0.1024 0.8700 0.8080 -0.0859 0.1013 0.9287
0.600 -0.02 3.04 0.9817 0.9467 0.0442 -0.0477 -0.1193 0.9183 1.5522 -0.0906 0.1708 1.6902
0.601 0.00 3.96 0.9815 0.9492 0.0532 -0.0600 -0.0181 0.9291 2.2302 -0.0843 0.2832 2.4003
0.600 0.00 4.96 0.9826 0.9446 0.0541 -0,1145 0.2976 0.9296 2.9822 -0.1266 0.7153 3.2080
0.600 -0.02 5.98 0.9827 0.9458 0.0474 0.0010 -0.2878 0.9339 3.7623 0.0883 -0.1474 4.0285
0.598 0.00 7.04 0.9835 0.9421 0.0526 0.0011 -0.3021 0.9324 4.6054 0.3521 -1.3631 4.9394
0.799 0.01 1.02 0.0000 0.0000 0.0759 -0.1144 0.1391 0.0000 -0.1218 -0.1144 0.1391 0.0057
0.798 0.01 2.01 0.9843 0.8594 0.0586 -0.0597 -0.0932 0.7705 0.3987 -0.0796 0.0199 0.5175
0.802 -0.02 3.04 0.9853 0.9169 0.0497 -0.0589 -0.1008 0.8684 0.8228 -0.0830 0.0618 0.9475
0.798 0.02 5.02 0.9839 0.9298 0.0551 -0.0885 0.1365 0.9047 1.6663 -0.0929 0.3694 1.8417
0.798 -0.01 7.00 0.9831 0.9331 0.0556 0.0046 -0.3727 0.9163 2.5230 0.1954 -0.9405 2.7534
1.198 -0.02 0.85 0.000(3 0.0000 0.2338 0.0021 -0.0240 0.000(3 -0.2770 0.0021 -0.0240 0.0040
1.200 -0.02 1.48 1.0266 -0.6280 0.2019 0.0193 -0.1051 -0.9683 -0.1229 0.0143 -0.0763 0.1269
1.199 0.00 2.05 0.9792 0.0554 0.2161 -0.0168 0.0706 -0.1291 -0.0302 -0.0258 0.1220 0.2341
1.200 0.00 4.00 0.9849 0.6398 0.2005 -0.0246 0.1640 0.5692 0.3481 -0.0306 0.2396 0.6116
1.200 0.01 6.05 0.9827 0.7686 0.1928 0.1472 -0.7675 0.7263 0.7422 0.1726 -0.7450 1.0218
1.201 0.02 7.97 0.9828 0.8160 0.1892 0.1476 -0.7760 0.7856 1.1158 0.2939 -1.3100 1.4203
1.200 0.03 9.97 0.9835 0.8337 0.1957 0.1590 -0.8052 0.8103 1.4960 0.4312 -1.9178 1.8463
1.200 0.04 9.58 0.9855 0.8323 0.1891 0.1471 -0.7744 0.8078 1.4267 0.3952 -1.7743 1.7661
0.950 0.00 0.99 0.0000 0.0000 0.1226 -0.0046 -0.2469 0.000(3 -0.1677 -0.0046 -0.2469 0.0047
0.952 0.03 2.02 0.9873 0.6959 0.i001 -0.0597 0.0154 0.5726 0.2093 -0.0736 0.0951 0.3655
0.952 0.01 3.06 0.9862 0.8115 0.1067 -0.0742 0.0975 0.7452 0.5066 -0.0908 0.2130 0.6798
0.951 0.01 4.98 0.9831 0.8846 0.0978 -0.0604 0.0327 0.8494 1.0888 -0.0650 0.1996 1.2818
0.950 0.00 6.84 0.9836 0.9032 0.0952 0.0043 -0.3873 0.8794 1.6650 0.1238 -0.7177 1.8934
0.951 0.00 9.04 0.9838 0.9048 0.1017 -0.0050 -0.4080 0.8876 2.3299 0.3341 -1.7516 2.6249
0.902 0.01 1.00 0.0000 0.000(3 0.0894 -0.0825 0.0267 0.0000 -0.1349 -0.0825 0.0267 0.0050
0.902 -0.01 1.47 1.0078 0.6764 0.0669 -0.0461 -0.1500 0.4686 0.1025 -0.0549 -0.0994 0.2188
0.900 0.02 2.02 0.9865 0.8005 0.0698 -0.0678 -0.0536 0.6898 0.2831 -0.0835 0.0360 0.4105
0.898 -0.01 3.01 0.9844 0.8784 0.0685 -0.0766 -0.0067 0.8173 0.6086 -0.0959 0.1228 0.7447
0.898 0.01 4.02 0.9839 0.9074 0.0672 -0.0721 -0.0118 0.8660 0.9516 -0.0823 0.1235 1.0988
0.899 0.01 4.98 0.9822 0.9155 0.0662 -0.0807 0.0703 0.8837 1.2657 -0.0859 0.2569 1.4323
0.899 0.00 6.98 0.9836 0.9236 0.0635 -0.0031 -0.3859 0.9026 1.9550 0.1456 -0.8246 2.1661

























NPR _/gI FR/FI FJ/Fi DELTAP CFJ CFN CMJ CFI
1.49 0.9537 0.9834 0.982_ .... -2.87 0.1189 -0.0060 0.0308 0.1211
2.02 0.9803 0.9903 0.9888 -3.16 0.2290 -0.0126 0.0513 0.2316
2.50 0.9842 0.9886 0.9866 -3.60 0.3193 -0.0201 0.0879 0.3237
2.98 0.9831 0.9913 0.9911 -1.05 0.4103 -0.0075 0.0090 0.4139
3.46 0.9853 0.9835 0.9821 -3.04 0.5003 -0.0265 0.1146 0.5094
3.98 0.9863 0.9791 0.9734 -6.21 0.5958 -0.0649 0.3287 0.6122
4.47 0.9870 0.9777 0.9720 -6.16 0.6910 -0.0746 0.3866 0.7109
4.98 0.9878 0.9759 0.9723 -4.88 0.7924 -0.0676 0.3614 0.8150
5.99 0.9897 0.9763 0.9758 -1.77 1.0007 -0.0309 0.1854 1.0255
6.98 0.9901 0.9778 0.9776 I.ii 1.2063 0.0235 -0.0734 1.2339
(b) Aeropropulsive characteristics
M ALPHA NPR IOP/I/I F-DN/FI CI)N CLCN CMCN F-D/FI C(F-D) CL CM CFI
0.599 -0.03 1.02 0.0000 0.0000 0.0741 -0.1461 =_ O.4131 0.000(3 -0.1225 -0.1461 0.4131 0.0085
0.597 -0.03 1.48 0.9394 0.8585 0.0652 -0.0985 0.1854 0.7556 0.3560 -0.1224 0.3075 0.4711
0.601 -0.01 2.02 0.9778 0.9133 0.0718 -0.1001 0.2070 0.8603 0.7868 -0.1500 0.4102 0.9145
0.600 -0.01 3.01 0.9827 0.9519 0.0652 -0.0891 0.1518 0.9229 1.5415 -0.1270 0.2306 1.6704
0.567 0.25 3.97 0.9837 0.9459 0.0824 -0. i103 0.2712 0.9277 2.5094 -0.3849 1.7199 2.7049
0.598 0.00 4.97 0.9863 0.9509 0.0728 -0.1210 0.4043 0.9359 3.0379 -0.3912 1.8472 3.2458
0.597 -0.04 5.98 0.9867 0.9600 0.0787 -0.1178 0.3981 0.9481 3.8727 -0.2453 1.1461 4.0846
0.600 -0.02 7.01 0.9877 0.9664 0.0666 -0.1064 0.2663 0.9565 4.6863 -0.0098 -0.0495 4.8995
1.198 -0.02 0.88 0.0000 0.000(3 0.2275 -0.0192 0.1783 0.000(3 -0.2708 -0.0192 0.1783 0.0041
1.202 0.00 1.50 1.0053 -0.6365 0.2032 -0.0332 0,2656 -0.9707 -0.1259 -0.0393 0.2966 0.1297
1.198 -0.01 2,01 0.9735 -0.0266 0.2310 -0.0604 0.4105 -0.2185 -0.0494 -0.0729 0.4610 0.2262
1.200 -0.02 4.02 0.9829 0.6072 0.2265 -0.0808 0.5898 0.5366 0.3296 -0.1456 0.9173 0.6143
1.199 -0.01 5.98 0.9838 0.7764 0.2080 0.0279 -0.0683 0.7334 0.7414 -0.0032 0.1171 1.0110
1.198 0.00 7.99 0.9852 0.8368 0.2081 0.0628 -0.2802 0.8065 1.1570 0.1411 -0.6153 1.4346
1.201 0.02 10.05 0.9867 0.8700 0.1983 0.1091 -0.5406 0.8467 1.5807 0.2997 -1.4060 1.8669
1.200 0.04 11.49 0.9872 0.8835 0.1930 0.1342 -0.7117 0.8636 1.8848 0.4045 -1.9518 2.1826
0.948 -0.01 1.00 0.0000 0.000(3 0.1173 0.0044 -0.1788 0.0000 -O.1628 0.0044 -0.1788 0.0048
0.951 0.01 2.00 0.9808 0.6719 0.1124 -0.0742 0.2989 0.5450 0.1949 -0.0935 0.3782 0.3576
0.950 -0.01 2.99 0.9841 0.8014 0.1246 -0.1144 0.5082 0.7328 0.4850 -0.1280 0.5316 0.6619
0.950 -0.02 4.97 0.9848 0.8818 0.1194 -0.1116 0.5238 0.8464 1.0865 -0.2191 1.0957 1.2837
0.951 -0.01 7.02 0.9873 0.9210 0.1159 -0.0766 0.2373 0.8978 1.7531 -0.0370 0.1079 1.9527
0.868 0.00 9.00 0.9879 0.9289 0.1528 -0.0256 -0.1731 0.9141 2.8778 0.2283 -1.3092 3.1484
0.892 0.00 1.01 0.0000 0.0000 0.0944 -0.0827 0.1448 0.0000 -0.1403 -0.0827 0.1448 0.0051
0.900 0.01 1.50 0.9587 0.6352 0.0742 -0.0871 0.1946 0.4249 0.0926 -0.0978 0.2494 0.2178
0.901 0.01 2.02 0.9821 0.7763 0.0863 -0.1052 0.2861 0.6642 0.2715 -0.1273 0.3765 0.4087
0.902 -0.01 3.07 0.9864 0.8734 0.0860 -0.i2i6 0.3781 0.8133 0.6198 -0.1445 0.4471 0.7620
0.900 0.01 4.00 0.9848 0.8957 0.0854 -0.0786 0.1882 0.8535 0.9265 -0.1929 0.7689 1.0855
0.901 -0.02 4.97 0.9844 0.9106 0.0923 -0.1490 0.5774 0.8785 1.2536 -0.2684 1.2133 1.4271
0.902 -0.03 6.98 0.9872 0.9422 0.0824 -0.1094 0.2901 0.9210 1.9862 -0.0698 0.1642 2.1566
0.901 0.01 8.99 0.9888 0.9471 0.0862 -0.0373 -0.1605 0.9314 2.7185 0.1978 -1.2090 2.9188
0.798 0.00 1.01 0.0000 0.00130 0.0875 -0. i364 0.3739 0.000(3 -0.1342 -0.1364 0.3739 0.0057
0.799 0.02 2.03 0.9815 0.8488 0.0734 -O.1089 0.2525 0.7595 0.3972 -0.1372 0.3682 0.5230
0.799 -0.01 3.02 0.9855 0.9148 0.0693 -0.1249 0.3247 0.8655 0.8195 -0.1475 0.3759 0.9469
0.800 -0.02 4.97 0.9860 0.9345 0.0709 -0.1506 0.4377 0.9088 1.6488 -0.3020 1.2442 1.8143

























NPR UP/UI FR_gI FJ/FI DELTAP CFJ CFN CMJ CFI
1.50 0.9823 0.9636 0.9614 -3.88 0.1240 -0.0084 0.0365 0.1290
2.01 0.9769 0.9645 0.9626 -3.62 0.2197 -0.0139 0.0600 0.2283
2.50 0.9809 0.9638 0.9625 -2.92 0.3102 -0.0158 0.0649 0.3223
3.02 0.9815 0.9628 0.9620 -2.34 0.4071 -0.0166 0.0680 0.4232
3.48 0.9839 0.9579 0.9549 -4.55 0.4917 -0.0391 0.2024 0.5150
4.02 0.9848 0.9607 0.9597 -2.69 0.5963 -0.0280 0,1488 0,6213
4.48 0.9847 0.9606 0.9596 -2.61 0.6865 -0.0313 0.1824 0.7154
5.03 0.9928 0.9508 0.9501 -2.24 0.7919 -0.0309 0.1983 0.8334
0.9876 0.9505 0.9494 -2.70 0.9763 -0.0460 0.3196 1.0283
_0_3 0,9878 0.9510 0.9509 -0.79 1.1792 -0.0162 0.2057 1.2400
(b)
M ALPHA NPR VP/UI F-DN/FI CDN CLCN
0.600 0.01 1.00 0.0000 0.00013 0.0640 -0,1549
0.603 0.01 1.50 0.9795 0.9060 0.0296 -0.0910
0.599 0.02 2.05 0.9766 0.9170 0,0452 -0.0938
0.599 0.00 3.03 0.9804 0.9394 0.0401 -0.0842
0.599 -0.01 3.97 0.9800 0.9406 0.0582 -0.1099
0.598 0.01 4.97 0.9830 0.9388 0.0689 -0.1443
0.598 0.00 5.98 0.9836 0.9356 0.0725 -0.1628
0.598 -0.03 7.01 0.9846 0.9416 0.0612 -0.0862
1.201 -0.04 0.75 0,0000 0.0000 0.2765 -0.0966
1.199 0.01 1.51 1.0091 -0.6074 0.2056 -0.0424
1.201 0.00 2.03 0.9748 -0.0022 0.2226 -0.0699
1.200 0.00 4.06 0.9821 0.6275 0.2084 -0.0679
1.200 -0.01 6.03 0.9816 0.7491 0.2108 0.0819
1.201 -0.02 8.00 0.9830 0.7962 0.2271 0.1102
1.198 0.02 9.97 0.9842 0.8169 0,2475 0.1990
1.200 0.02 12,01 0.9846 0.8343 0.2525 0.3292
0.949 0.00 0.99 0.0000 0.0000 0.1205 -0.0257
0.951 0.00 2.06 0.9849 0.6808 0.1047 -0.0938
0.950 -0.01 3.01 0.9817 0.7946 0.1116 -0.1086
0.951 0.00 5.04 0.9822 0.8744 0.1123 -0.0955
0.951 -0.03 6.97 0.9844 0.9044 0,0964 -0.0406
0.952 -0.01 9.02 0.9848 0.9148 0.0961 0.0317
0.902 0.01 1.00 0.000(3 0.0000 0.0993 -0.1168
0.902 0.00 1.50 0.9874 0.6773 0.0633 -0.0920
0.902 0.00 2.05 0.9800 0.7857 0.0730 -0,1059
0.901 -0.02 3.02 0.9823 0.8618 0.0740 -0.1166
0.900 -0.03 4.04 0.9822 0.8916 0.0775 -0.1283
0,902 -0.01 4.98 0.9818 0.9051 0.0799 -0,1179
0.902 -0.01 6.99 0.9843 0.9233 0.0672 -0.0545
0.899 0.00 9.00 0.9849 '0.9300 0.0628 0.0315
0.793 0.01 1.01 0.0000 0.0000 0.0904 -0.1553
0.803 -0,01 2.06 0.9808 0.8471 0.0604 -0.1021
0.799 -0.02 3.00 0,9827 0.9024 0.0547 -0.1073
0.800 0.01 4,98 0.9829 0.9192 0.0742 -0.1235
0.800 -0.03 6.97 0.9845 0.9310 0.0631 -0.0599
Aeropropulsive characteristics
CMCN F-D/FI C(F-D) CL CM CFI
0.2776 0.0000 -0.1120 -0.1549 0.2776 0.0085
0.0604 0.8091 0.4023 -0.1235 0.2021 0.4972
0.0684 0.8656 0.8136 -0.1508 0,3152 0.9399
0.0087 0.9110 1.5455 -0.1512 0.2843 1.6966
0.1825 0.9207 2.2391 -0.2202 0.7620 2.4319
0.4183 0.9239 3.0027 -0.2672 1.1994 3.2501
0.5639 0.9237 3.7627 -0.3465 1.8315 4.0735
0.1486 0.9318 4.5994 -0.1551 0.9673 4.9361
0.4628 0.0000 -0.3196 -0.0966 0,4628 0.0041
0.2442 -0,9314 -0.1242 -0.0509 0.2808 0.1333
0.3735 -0.1902 -0.0437 -0.0839 0.4340 0.2299
0.4246 0.5581 0.3476 -0.0962 0.5754 0.6228
-0.3471 0.7067 0.7214 0.0369 -0.0361 1.0209
-0.4638 0.7659 1.0956 0.1217 -0.3682 1.4305
-0.9106 0.7936 1.4771 0.2688 -I.0309 1.8612
-1.4059 0.8154 1.8720 0.4579 -1.7487 2.2958
-0.1104 0.0000 -0.1657 -0.0257 -0.1104 0.0048
0.2170 0.5614 0.2126 -0.1167 0.3156 0.3788
0.2850 0.7269 0.4856 -0.1349 0.3919 0.6681
0.2904 0.8398 1.0961 -0.1446 0.6052 1.3052
-0.0202 0.8811 1.7104 -0.0697 0.3110 1.9411
-0.3606 0.8976 2.3562 0.0974 -0.3868 2.6251
0.1990 0.0000 -0.1449 -0.1168 0.1990 0.0050
0.0838 0.4760 0.1079 -0.1067 0.1477 0.2267
0.1448 0,6758 0.2805 -0.1311 0.2535 0.4151
0.2069 0.8005 0.5963 -0.1461 0.3262 0.7449
0.3243 0.8501 0,9346 -0.1787 0.5896 1.0994
0.3034 0.8732 1.2479 -0.1722 0.6473 1.4291
-0.0179 0.9022 1.9547 -0.0851 0.3461 2.1667
-0.4427 0.9144 2.6861 0.1044 -0.4682 2.9374
0.3218 0.00013 -0.1370 -0.1553 0.3218 0.0058
0.1082 0.7592 0,4019 -0.1342 0.2465 0.5293
0.1587 0.8528 0.8014 -0.1442 0.3070 0.9397
0.3602 0.8936 1.6249 -0.1922 0.7972 1.8183
0.0509 0.9140 2.5040 -0.i011 0.5180 2.7395
94
Table 41. Skin-Friction Drag Coefficients of Nozzles
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